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IRU WKH VXVSLFLRQRI DFXWH EUDLQ LQIDUFWLRQZHUHDQDO\VHG IRU SDWLHQWV VXIIHULQJ
IURPDFXWHPLJUDLQRXVDXUDDQGQRWIURPVWURNHFOLQLFDOO\DQGLPDJLQJEDVHG
$OOSDWLHQWVZHUHH[DPLQHGFOLQLFDOO\E\WZRQHXURORJLVWVDQGXQGHUZHQWDVWURNH























































OXV WUDXPDWLFEUDLQ LQMXU\QRUPDOSUHVVXUHK\GURFHSKDOXV 13+RU LGLRSDWKLF
LQWUDFUDQLDOK\SHUWHQVLRQ,,++RZHYHUQRUPDWLYHGDWDDFURVVWKHOLIHVSDQDUH





























&RQFOXVLRQ 3UHVHQFH RI FDURWLG LQWUDSODTXH KDHPRUUKDJH DQGPHDVXUHV RI














XQGHUZHQW LPPHGLDWH05,DIWHU UHFDQDOLVDWLRQZHUHHQUROOHG LQ WKLVVWXG\7KH
UHFDQDOLVDWLRQVWDWXVZDVHYDOXDWHGLQFHUHEUDOLQIDUFWLRQ7,&,VFRUHEHIRUHDQG















































0HWKRGVDQG0DWHULDOV ,Q  FKHPRQDLYHSDWLHQWVZLWKKLVWRORJLFDOO\ SURYHQ
DGHQRFDUFLQRPDVRIWKHOXQJRUWKHJDVWURLQWHVWLQDOWUDFWOHVLRQVZHUHLPDJHG
':,'&(05,7UDQVIHU FRQVWDQW.WUDQV UDWH FRQVWDQW NHS DQG IUDFWLRQDO
H[WUDYDVFXODUH[WUDFHOOXODUVSDFHYHZHUHFDOFXODWHG IRUHDFKSL[HO 7LVVXH'





















3XUSRVH ,GHQWLI\LQJ SUHGLFWLYH ELRPDUNHUV WR RSWLPLVH WUHDWPHQW VHOHFWLRQ LQ
RHVRSKDJRJDVWULFDGHQRFDUFLQRPD2*&DQG WRDYRLG LQHIIHFWLYH WUHDWPHQW LV




















































LGHQWLÀHGRQ WKH'&(VHTXHQFHDQG$'&ZDVPHDVXUHG LQ WKHFRUUHVSRQGLQJ


























5HVXOWV7KHPHDQVRI OHVLRQ VL]H$'&DQG' YDOXHVGLG QRW FKDQJHXQGHU
WUHDWPHQWUHVSHFWLYHO\PP[PPVDQG
[PPV+RZHYHUDWZHHNVDQGPRQWKVLQVHYHQUHVSRQGHUSDWLHQWV
IYDOXHVVLJQLÀFDQWO\ LQFUHDVHG3 DQG3  UH
VSHFWLYHO\ZKHUHDVLQÀYHQRQUHVSRQGHUSDWLHQWVIYDOXHVGHFUHDVHG
3 DQG3 UHVSHFWLYHO\)XUWKHUPRUHIYDOXHVZHUHLQYHUVHO\
FRUUHODWHGZLWKњ)3 OHYHOV 3 DQG UHVSRQGHUSDWLHQWV VKRZHGDKLJKHU



































(8.6DQG6'ZHUHVLJQLÀFDQWO\GLIIHUHQWS S S S 




































ÀEURJODQGXODU WLVVXH IRU ,9,0PHDVXUHPHQWV7UXHGLIIXVLRQFRHIÀFLHQW 'WUXH



















3XUSRVH (YDOXDWLRQ RI VHPLTXDQWLWDWLYH G\QDPLF FRQWUDVWHQKDQFHG05,
'&(05,WRDVVHVVWKHUDS\UHVSRQVHLQSDWLHQWVZLWKOLYHUPHWDVWDVHVRIXYHDO
PHODQRPD80WUHDWHGZLWK6RUDIHQLE





















































































ZDLYHG LQIRUPHG FRQVHQW )URP-DQXDU\ WR0D\ SDWLHQWVZLWK
































































































































































5HVXOWV7KHSUHYDOHQFHRI H[WUDSOHXUDO QRGHV LQGHSHQGHQWO\ IURP WKHLU VL]H












































3XUSRVH0RVW VWXGLHV HYDOXDWLQJ UHODWLRQVKLSV EHWZHHQ SOHXUDO SODTXHV DQG
OXQJFDQFHUKDYHEHHQEDVHGRQFKHVWUDGLRJUDSKVDQGGXHWRWKHORZVHQVLWLYLW\


















































































FKHVWPXOWLVOLFH FRPSXWHG WRPRJUDSK\ 0'&7 DQG WR FRPSDUH WKHVHZLWKD
FRQWUROJURXS
0HWKRGVDQG0DWHULDOV7KLUW\VL[SDWLHQWVPHDQDJH\HDUROGZLWK3(










WKH+,U S DQGZLWKWKH&&,U S
&RQFOXVLRQ7KLVSUHOLPLQDU\VWXG\VKRZHGGLIIHUHQFHVLQOXQJYROXPHVEHWZHHQ
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7KXUVGD\
(XURSHDQ&RQJUHVVRI 5DGLRORJ\







































































































































































WKHVHFRQG UHFHLYHGFDORULF UHVWULFWLRQGLHW LQDGGLWLRQ WRDSURJUDPRIDHURELF
H[HUFLVHVRYHUPRQWKV7KHYDULDEOHVPHDVXUHGLQFOXGHGERG\PDVVLQGH[IDW
ZHLJKWOHDQPDVVEDVDOPHWDEROLFUDWHDQGERQHPLQHUDOGHQVLW\




GHFUHDVHEHWZHHQ WKH SUH DQGSRVWWUHDWPHQW UHVXOWV LQ ERWK JURXSVZLWK QR
VLJQLÀFDQWGLIIHUHQFHVEHWZHHQWKHWZRJURXSV
&RQFOXVLRQ6LJQLÀFDQWLQFUHDVHLQWKHERQHPLQHUDOGHQVLW\RIWKHZHLJKWEHDULQJ






































ZDV SHUIRUPHG ÀUVW DQG WKHQ&2 VHFRQG7KHVH%579ZHUH UHSHDWHG DIWHU










































































































PLQ0HDQ3)ZDV VLJQLÀFDQWO\ GHFUHDVHG LQ QRUPDO DSSHDULQJ Y%0RI RVWH
RSRURWLFSDWLHQWVFRPSDUHGWRWKHFRQWUROJURXSYVP/P/PLQ
S 0HDQYDOXHVRI3)DQG39ZHUHVLJQLÀFDQWO\GHFUHDVHG LQ OXPEDU































































DQGZKR KDG D VSLQDO GXDO HQHUJ\ [UD\ DEVRUSWLRPHWU\ '(;$ H[DPLQDWLRQ

















6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
5HVXOWV,QDOOSDWLHQWV2&'OHVLRQVZHUHFOHDUO\YLVLEOHRQWKH$8&PDSVDQG
VKRZHGVWURQJO\HOHYDWHGSHUIXVLRQDQGSHUPHDELOLW\0HDQYDOXHV 6'ZHUH












































3XUSRVH7KHGDUN OXPHQ WHFKQLTXH05(DQG05& LVDQH[FHOOHQWPRGDOLW\
IRUVPDOOERZHODVVHVVPHQWLQSDWLHQWVZLWK,%'EXWLWFDQFDXVHGLVFRPIRUWIRU
SDWLHQWV:HSURSRVHDQDOWHUQDWLYHPHWKRGWRGLVWHQGDQGHYDOXDWHERWKVPDOO





































3XUSRVH7R DVVHVV WKH UROH RIZKROH ERG\ ORZGRVH FRPSXWHG WRPRJUDSK\







EDVLVRID[LDODQGPXOWLSODQDU UHIRUPDWWHG LPDJHVZKHUHDV WKHDVVHVVPHQWRI
VSLQDOPLVDOLJQPHQWDQGIUDFWXUHZDVGRQHXVLQJPXOWLSODQDUUHIRUPDWWHGLPDJHV





















































U DQG%$U SZDVREWDLQHG+LJKFRUUHODWLRQU ZDV


























































































































PDUNHGDFWLYLW\7KUHHDFWLYLW\05, SDUDPHWHUVZHUH TXDOLWDWLYHO\ VFRUHG
6FLHQWLILF6HVVLRQ























Q FROLWLVQ DQGHQWHULWLVQ /'&7GHWHFWHGPRUHFOLQLFDOO\VLJQLÀFDQW
LQFLGHQWDOÀQGLQJV

































































































5HVXOWV$OO SDWLHQWV UHYHDOHGGLIIXVH WUDQVSDULHWDO FRQWUDVWHQKDQFHPHQWDIWHU




























































































































































































































XURUDGLRORJLVWV XVLQJ WKHLU VKDSH WKHGHJUHHRI VLJQDO DEQRUPDOLW\  QRUPDO
WR PDUNHGO\DEQRUPDORQ LQGLYLGXDO05VHTXHQFHVDQGDVXEMHFWLYHVFRUH




































 LQ WKH7=7ZHQW\QLQH QRGXOHVZHUHPDOLJQDQW  EUDWLR




















































0HWKRGV DQG0DWHULDOV &RQVHFXWLYH SDWLHQWV XQGHUZHQW050 75DSLG
FKDQHOEUHDVW FRLO DFFRUGLQJ WR(XURSHDQ UHFRPPHQGDWLRQV G\QDPLF7Z
IDWVDWXUDWHG'9,%(PPRONJ2PQLVFDQ7Z76(67,5DFTXLVLWLRQWLPH






FOHDUQ RUVXVSLFLRXVQ UHVXOWVLQFRQYHQWLRQDOLPDJLQJDIWHUFDUHQ 
FOLQLFDOÀQGLQJVQ IROORZXSRIEHQLJQOHVLRQVQ DQGFRQWUDODWHUDOÀQGLQJV
Q 6HQVLWLYLW\VSHFLÀFLW\/5XQG/5RIXQGZHUH













05,DWRXU LQVWLWXWLRQIURP1RYHPEHUWR'HFHPEHUZDV LQFOXGHG LQ













































































































































5HVXOWV$ WRWDORIEUHDVWV LQSDWLHQWVDJHG\HDUV UDQJH
\HDUVZHUH DQDO\VHG3HUEUHDVW FDQFHU SUHYDOHQFHZDV   ,'&

























































DJHQW LQMHFWLRQ RQO\ LQ WKH VHFRQG FDVH&OLQLFDOPDPPRJUDSK\ XOWUDVRXQG
6FLHQWLILF6HVVLRQ








3XUSRVH7KH GHWHFWLRQ RI FRQWUDVWHQKDQFHG *G GHP\HOLQDWLQJ OHVLRQV LV














































HOLQDWLQJFRUWLFRMX[WDFRUWLFDO OHVLRQV WKDQ)/$,5DQG'371HYHUWKHOHVV WKH






















































3XUSRVH05 LPDJLQJ LV SUHVHQWO\ WKHPRVW VHQVLWLYHPHWKRG IRU WKH LQYLYR
HYDOXDWLRQRIZKLWHPDWWHUPDWXUDWLRQLQQHRQDWDOEUDLQV(YDOXDWLQJP\HOLQDWLRQ































































WKHPRVW VLJQLÀFDQW GLVFULPLQDWLQJ IDFWRU EHWZHHQ WKH WZRGLVHDVHV VL[ WLPHV
PRUHSUHYDOHQWLQ066HQVLWLYLW\VSHFLÀFLW\DQGDFFXUDF\RI0F'RQDOGFULWHULD
ZHUHDQGUHVSHFWLYHO\7KHWZRÀQGLQJVPRUHSUHYDOHQWLQ1%'
SDWLHQWVZHUHPHVRGLHQFHSKDOLF LQYROYHPHQW DQGH[WHQVLRQRI WKH OHVLRQ IURP






































3XUSRVH ,QWUDOHVLRQDO YHLQV DQGSHULYHQRXV LQÁDPPDWLRQ DUH NQRZQ WR EH D














PHDQRI 7KLV LQGLFDWHV D WZRIROG KLJKHU YHLQGHQVLW\ LQ5506SODTXHV

































UHODSVLQJUHPLWWLQJPXOWLSOH VFOHURVLV DQG VKRZHGG\QDPLFV LQ VKDSHDQG VL]H
ZLWKLQ\HDU
6FLHQWLILF6HVVLRQ






































JUDGLQJRI YLVXDOLVDWLRQDQGGHSLFWLRQRI GLODWLRQRI WKH VHFRQGDQG WKLUGRUGHU






















WKUHH UHDGLQJ VHVVLRQVE\  UHDGHUV WZRZHHNV LQWHUYDO$JUHHPHQW RI HDFK
UHDGLQJVHVVLRQZLWKWKHLQWUDRSHUDWLYHÀQGLQJVLQWHUPVRI&%'6DHWLRORJ\DQG
WXPRXUH[WHQVLRQZHLJKWHGNDSSDVWDWLVWLFZDVFDOFXODWHG









































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\









DQ H[FHOOHQW FRUUHODWLRQZLWK(5&3 ѣ  ѩ ZKHUHDV FRUUHODWLRQ RI
7ZHLJKWHG05ZDVRQO\PRGHUDWHѣ ѩ )XUWKHUPRUHGHOD\HG
















































IRUFKROHOLWKLDVLVEXW WKHUHDUHVWLOOVRPHSDWLHQWV UHTXLULQJFRQYHUVLRQ WRRSHQ



























































































































( D QRYHO =UODEHOHGPRQRFORQDO DQWLERG\ P$E FRQVWUXFW IRU WDUJHWHG








WUHDWPHQW LQ /1&D3 DQG3&360$SRVLWLYH FHOOV7KH LQ YLYR EHKDYLRXU RI




5HVXOWV ,Q YLWUR VWXGLHV FRUUHODWHG ( ELQGLQJZLWKPDUNHUV RI QHFURVLV
DSRSWRVLV ,Q YLYR ELRGLVWULEXWLRQ H[SHULPHQWV UHYHDOHG KLJK WDUJHWVSHFLILF
XSWDNHRI=U')2(LQ/1&D3WXPRXUVDIWHUK,'J





























































































































5HVXOWV0LD3D&D FHOOVZKLFK UHVSRQG WR F\FORSDPLQH VKRZHGGHFUHDVHG






&RQFOXVLRQ7KH FOLQLFDOO\ LPSOHPHQWHG3(7&7 VFDQQHUZLWK KLJKUHVROXWLRQ









7\U RFWUHRWLGH '27$72& EHFDPH D VWDQGDUG DSSURDFK IRU VWDJLQJ DQG





















5HVXOWV6XFFHVVIXO LPDJHDFTXLVLWLRQ RI ERWK)07DQG&7DQJLRJUDSK\ZDV





































































ZDVKLQUDWH ZL5EDQGSHUIXVLRQLQGH[ 3,E)5\LHOGV UHODWLYHEORRGYROXPH
U%9077I3,IDQGZL5I
5HVXOWV +LJKO\ VLJQLÀFDQW FRUUHODWLRQVZHUH REVHUYHG EHWZHHQ U%9 DQG3(
U S  U%9DQG$8& U S U%9DQGP77E U 
S P77EDQGP77IU S 3,IDQG3(U S3,
DQG$8&U S DQG3,DQGZL5IU S 
&RQFOXVLRQ:KHUHDVEROXVWUDFNLQJFDQEHXVHGLQDZLGHUDQJHRIPRGDOLWLHV

























0HWKRGVDQG0DWHULDO:LWKLQ PRQWKVSDWLHQWV XQGHUZHQW D WULSKDVLF














































5HVXOWV7KHPHDQ$8&VZHUH VLJQLÀFDQWO\ ORZHU LQ WKHUDS\ZLWK SYDOXHVRI
DQGIRUWRWDOSHULSKHUDODQGFHQWUDOWXPRXU92,UHVSHFWLYHO\
.DQGU%9VKRZHGVLJQLÀFDQWGLIIHUHQFHVIRU WKHSHULSKHUDO92,S.SHU 
SU%9SHU  EXW QRW IRU WKH WRWDO DQG FHQWUDO WXPRXU92,V S.WRWDO 
























































































































VWURQJFRUUHODWLRQDVZHOOZLWK U SDQGU S IRU












3XUSRVH7RGHWHUPLQH WKHPRVW UHSURGXFLEOH DQG VXLWDEOHPHDVXUHPHQWV IRU












DQG WKHRUWKRJRQDO GLDPHWHUPHDVXUHPHQW &&&  &, 
S%RWKIRUUHDGHUVDQGLQWUDUHDGHUDJUHHPHQWZDVVLJQLÀFDQWO\KLJKHU












































0HWKRGV DQG0DWHULDOV ,Q WKLV ,5%DSSURYHG SURVSHFWLYH VWXG\  SDWLHQWV





5HVXOWV 7KH PHDQ XQRUJDQLVHG WKURPEXV YROXPH SUHRSHUDWLYHO\ ZDV
PO&,POSRVWRSHUDWLYHO\PO&,PODIWHUPRQWKV
PO&,PODQGDIWHU\HDUPOPO7KHUHZDVDVLJQLÀFDQW



















3&9,35 IRUTXDQWLÀFDWLRQRIDRUWLF $$2DQGPDLQSXOPRQDU\DUWHU\ 03$












































































DIWHU(9$5XVLQJ WKH UHFHQWO\ LQWURGXFHGG&7$ YHUVXV V&7$ WR HYDOXDWH WKH
6FLHQWLILF6HVVLRQ

































































































3XUSRVH0RQRHQHUJHWLFH[WUDSRODWLRQ LVDSURPLVLQJVWUDWHJ\ WR UHGXFHPHWDO
DUWHIDFWVLQGXDOVRXUFHFRPSXWHGWRPRJUDSK\'6&7:HSHUIRUPHGWKLVVWXG\





























































































DQG5RI WLVVXHHTXLYDOHQWVZHUHPHDVXUHG E\ GLIIXVLRQZHLJKWHG VSLQHFKR
(3,  EYDOXHV VPPPXOWLFRQWUDVW LQYHUVLRQUHFRYHU\76( 7,


























































































3XUSRVH:H HYDOXDWHG WKH SRWHQWLDO IRU K\EULG3(705, GHYLFHV WR SURYLGH








































3 &05OHIWYHQWULFXODU/9HMHFWLRQIUDFWLRQU 3 
/9HQGGLDVWROLFYROXPHLQGH[U 3 /9HQGV\VWROLFYROXPHLQGH[









































RXURSWLPDOVHWWLQJV7( PLQLPDO75 PV3,) LQWUDVFDQQHUYDULDELOLWLHV
ZHUH$YDQWR6RQDWDDQG7ULRZKLOHLQWHUVFDQQHUYDULDELOLW\
ZDV






















0HWKRGVDQG0DWHULDOV:H UHWURVSHFWLYHO\ HYDOXDWHG05VHQVLWLYLW\ LQ FRP
SDULVRQZLWKFOLQLFDOSUHVHQWDWLRQLQSDWLHQWVZKRKDGLQWKHODVWWZR\HDUVDQ
HQGRP\RFDUGLDOELRSV\GLDJQRVLVRIDFWLYHP\RFDUGLWLVDQGDFOLQLFDOKLVWRU\








RISDWLHQWVQ RISDWWHUQQ RISDWWHUQDQGQ 
RISDWWHUQ7LVVXHRHGHPDZDVREVHUYHG LQQ RISDWWHUQ



























RI$0, QRUPDOP\RFDUGLXP 0<2 DQG RIP\RFDUGLDOYDVFXODUREVWUXFWLRQ LI
SUHVHQWLQWKH$0,FRUH092ZHUHSHUIRUPHG
5HVXOWV7KH FRPSDULVRQ RI7 YDOXHV RI$0, DQG0<2 UHYHDOHG VLJQLÀFDQW
























5HVXOWV5LJKW YHQWULFXODU LQYROYHPHQWZDVGLDJQRVHGZLWK FDUGLDF05, LQ 
SDWLHQWVRISDWLHQWVZLWKLQIHULRU67VHJPHQWHOHYDWLRQ0,DQG
RISDWLHQWVZLWKDQWHULRU67VHJPHQWHOHYDWLRQ0,3DWLHQWVZLWKULJKW




WKRVHZLWKRXW ULJKW YHQWULFXODU LQYROYHPHQW ,QDPXOWLYDULDWH ORJLVWLF UHJUHVVLRQ













































5HVXOWV0DJQHWLF UHVRQDQFH LPDJLQJ VKRZHG LQ SDWLHQWV WKHSUHVHQFH RI
VLJQLÀFDQWPRUSKRIXQFWLRQDODOWHUDWLRQV LQ WHUPVRIGLDJQRVWLF LQSDWLHQWVQR
SDWKRORJLFDOFKDQJHVZHUHREVHUYHG,QSDWLHQWVZDVIRXQGODWHHQKDQFHPHQW




&RQFOXVLRQ 7KH FDUGLDF05,PD\ KDYH NH\ UROH LQ WKH GLIIHUHQWLDO GLDJQR
























































VWDQGDUG UHYLHZV 869	%69 VXFK DV OLPLWHG FRORQLF VXUIDFH FRYHUDJHGH
VSLWH ORQJ UHYLHZLQJWLPH >(XU5DGLRO@DQG WKHKLJKHUGHJUHH






FRORQLFGLVWHQVLRQVZHUH LQYROYHG LQ WKLV UHWURVSHFWLYHVWXG\ WR FRPSDUH869
%69DQG)9'PDQXDOÁ\WKURXJKZDVGHHPHGUHIHUHQFHVWDQGDUGE\PDQXDOO\
DVVHVVLQJWKHFRPSOHWHFRORQLFVXUIDFHYLVLEOH)XUWKHUPRUH)9ZLOOEHLQYROYHG






































































































































































































































QLÀFDQW GLIIHUHQFHV LQ RVWHRSRURVLV SURJUHVVLRQDPRQJGLIIHUHQW /X7;JURXSV
ZKLOHPLFURDUFKLWHFWXUHDVVHVVPHQWDWDVLQJOHWLPHSRLQWGRHVQRW7UDEHFXODU
UHRUJDQLVDWLRQ FDQEHPHDVXUHGTXDQWLWDWLYHO\ LQ+5S4&7GDWD DQG UHYHDOV
GLVHDVHVSHFLÀFSDWWHUQV
6FLHQWLILF6HVVLRQ


































































)UDXQKRIHU0(9,6%UHPHQZDVHYDOXDWHGZLWK IRFXVRQ FOLQLFDOO\ XVDELOLW\ E\
PDUNV   YHU\ JRRG  JRRG  VDWLVIDFWRU\  VXIÀFLHQW  LQVXIÀFLHQW
 IDLOWRGHWHUPLQHWKHEHVWSURSRVDO7KHEHVWSURSRVDOVZHUHFRPSDUHGZLWK




5HVXOWV$XWRPDWLFSDWKSURSRVDO FRPSXWDWLRQZDVVXFFHVVIXO LQDOO  FDVHV
,PDJHSURFHVVLQJWLPHZDVDSSUR[LPDWHO\VHFVHF7KHPHDQ
PDUNRIWKHDXWRPDWLFSDWKSURSRVDOZDVGHPRQVWUDWLQJDFOLQLFDOXVDELOLW\
7KHDXWRPDWLFPHWKRGFRUUHODWHGZHOOZLWK WKH WKUHHH[SHUWSURSRVDOV U 
U U 


















































5HVXOWV5HVXOWV LQGLFDWH WKDW LPDJHSUHSURFHVVLQJ FDQ VXEVWDQWLDOO\ DOWHU WKH
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7KXUVGD\
(XURSHDQ&RQJUHVVRI 5DGLRORJ\





















5HVXOWV$IWHU DPHGLDQ IROORZXS RI PRQWKV WKH \HDU ORFDO UHFXUUHQFH
GLVHDVHIUHHVXUYLYDODQGRYHUDOOVXUYLYDODUHDQGUHVSHFWLYHO\
&RQFOXVLRQ05,EDVHGLQGLYLGXDOLVHGWUHDWPHQWRIUHFWDOFDQFHUOHDGVWRH[FHO























WKHPHGLDQу$'&RI&5JURXS ZDVVLJQLÀFDQWO\KLJKHU WKDQ WKDWRI










































ZDV DVVHVVHG6WDQGDUGLVHG VXUJHU\ DQG KLVWRSDWKRORJLFDO H[DPLQDWLRQZHUH
DSSOLHGIRUWKHZKROHSDWLHQWSRSXODWLRQ,PPXQRVWDLQLQJIRU(*)5DQG&;&5
ZDV SHUIRUPHG XVLQJ WKH DYLGLQELRWLQ FRPSOH[PHWKRG DQG HYDOXDWHGZLWK D
VWDQGDUGLVHGVFRULQJV\VWHP





























































VLPSOHFULWHULD3XUSRVHRI WKLVVWXG\ZDV WRHVWDEOLVKDUHSRUWLQJPRGHO WRDF
FXUDWHO\GLVWLQJXLVKKLVWRORJLFDOO\SURYHQ/1QHJDWLYH 1 IURPSRVLWLYH 1
&5&SDWLHQWVE\&7
0HWKRGVDQG0DWHULDOV7KLVUHWURVSHFWLYHVWXG\LQFOXGHGSDWLHQWVZLWKSURYHQ




























































































































































IRU VROLGSXOPRQDU\QRGXOHV GXH WR WKHVORZHUJURZWK UDWHRI EURQFKRDOYHRODU
FDUFLQRPDFRPSDUHGWRRWKHUOXQJFDQFHUV7KLVVWXG\WHVWVWKHK\SRWKHVLVWKDW
LQWHUDQGLQWUDREVHUYHUDJUHHPHQWZKHWKHUDSXOPRQDU\QRGXOHLVVXEVROLGLV´ JRRGµ











FRUUHODWLRQZLWKQRGXOHVL]HUV 3 UV 3 DQGUV 





































)LQDOO\ VHQVLWLYLW\ VSHFLÀFLW\ DQG DFFXUDF\ZHUH FRPSDUHG HDFK RWKHU XVLQJ
0F1HPDUҋVWHVW
5HVXOWV$UHDXQGHUWKHFXUYHRI7)$] SZDVVLJQLÀFDQWO\ODUJHU





























VSHFLÀFLW\ DFFXUDF\ $8& JURXS
% VHQVLWLYLW\  VSHFLÀFLW\ DFFXUDF\ 




























































































































































 \HDUVPHDQ   \HDUVZLWK  KLVWRORJLFDOO\ FRQÀUPHGKHSDWLF




































































































































0HWKRGVDQG0DWHULDOV )LIW\WZRSDWLHQWV  UHQDO OHVLRQV XQGHUZHQW5)$
































SRVWDEODWLRQ0HDVXUHPHQWVDQGDVVHVVPHQWRI ORFDO WXPRXU UHFXUUHQFHZHUH
XQGHUWDNHQE\WKHUDGLRORJLVWSHUIRUPLQJWKHSURFHGXUHDQGDVHFRQGUDGLRORJLVW
QRW LQYROYHG LQ WKHSDWLHQW
V FDUH&RPSOLFDWLRQVZHUH UHFRUGHGDW WKH WLPHRI
SURFHGXUHDQGDWIROORZXS
5HVXOWV0HGLDQDEODWLRQWLPHZDVPLQUDQJHPLQ7KHSURFHGXUHZDV








































































































































RI WKH WDOXVZHUH GLYLGHG LQWR VL[ FRPSDUWPHQWV DQWHURPHGLDOPHGLDO FHQWUH


















5HVXOWV ,PPHGLDWH FRPSOHWH DEODWLRQZDVDFKLHYHG LQ PDOLJQDQFLHV
RI+&&VDQGPHWDVWDVHV/RFDO WXPRXU























ORFDOO\DGPLQLVWHUHGGXULQJ WKHDQWHULRUFUXFLDWH OLJDPHQW $&/ UHFRQVWUXFWLRQ





































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\



























































































&RQFOXVLRQ ,QFUHDVHG YROXPHRIPXVFOH LVPRVW FRPPRQ LPDJLQJ ÀQGLQJ LQ
UKDEGRP\RO\VLVRQ05,2WKHUFRPPRQLPDJLQJÀQGLQJVZHUHVWLSSOHGVLJQ7









3XUSRVH7RSURVSHFWLYHO\ HYDOXDWH DPXOWLSDUDPHWULF05, SURWRFRO DV DQRQ































0HWKRGV DQG0DWHULDOV7ZHQW\VL[  WR \HDUROG'0'SDWLHQWV DQG 
PDWFKHGKHDOWK\ FRQWUROV XQGHUZHQW 705,H[DPLQDWLRQVRI WKH ORZHU OLPEV
6FLHQWLILF6HVVLRQ

























































































FLW\RI ,QWHUREVHUYHUDJUHHPHQWZDVVXEVWDQWLDO ѣ 
$VVHVVPHQW RI WKH6*+/ VKRZHG D VHQVLWLYLW\ RI DQG D
VSHFLÀFLW\ RI :LWK WKH GLVSODFHPHQW VLJQ VHQVLWLYLW\ZDV
 VSHFLILFLW\ ZDV  7HQGLQRSDWK\ RI
WKH/+%7RQSDUDVDJLWWDO LPDJHVVKRZHGDVHQVLWLYLW\RI 
































'RXJODVҋKHUQLDVDW(&&'ZDVVLJQLÀFDQWO\KLJKHU WKDQ WKDWDW05' ,QVSLWH
RIDVSHFLÀFLW\WKHVHQVLELOLW\RI05'LQWKHGHWHFWLRQRIDQRPHQWRFHOH
6FLHQWLILF6HVVLRQ





























E\VTXHH]LQJWKHWLSV WXQQHOOHG WR WKHSRVWHULRUFHUYLFDODUHD6HYHQ7HVOD05

























WLRQZKHQD VSDVWLF UHÁH[ LOHXVDQGD FKURPDWLF FKDQJHRI WKH LQMXUHGERZHO





































































































































































































UHFRQVWUXFWHGXVLQJ D SURWRW\SLF UHFRQVWUXFWLRQ SURFHVVRU IHDWXULQJ L'RVH70
VRIWZDUH3KLOLSV%HVWWKH1HWKHUODQGVL'RVH70OHYHOVYDULHGEHWZHHQ
DQG)RUHDFKVHWWLQJWZRGLIIHUHQWNHUQHOVZHUHDSSOLHGVWDQGDUG %VKDUS &

































































































































































































































0HWKRGVDQG0DWHULDOV7KH FOLQLFDO FRKRUWZDVD FRQVHFXWLYH VHULHV RI 
SDWLHQWVUHIHUUHGWRDKDHPDWXULDFOLQLFZLWKYLVLEOHKDHPDWXULDDJHRYHU\HDUV
ZLWK XULQDU\ WUDFW LQIHFWLRQ H[FOXGHG$OO SDWLHQWV XQGHUZHQW&78DQG ÁH[LEOH







WHVWҋIRU)&6H &,6S &,339 
&,DQG139 &,)RU)&IRUGLDJQRVLQJ%&D
6H &,6S &,339 &,
 DQG139  &, )RU&78DQG)&DV D ҊWULDJHWHVWҋ IRU
ULJLG F\VWRVFRS\ 5&DQG IROORZXS QRUPDO DQGHTXLYRFDOVFRUHV UHIHUUHG IRU
)& RSWLRQ6H &,6S &,339 
&,139 &,)RU&78DQG)&DVDҊWULDJHWHVWҋ
IRU5&DQG IROORZXS QRUPDOVFRUH UHIHUUHG IRU IROORZXS RSWLRQ 6H 
































:KHQ YLVLEOH WKH DYHUDJH OHVLRQ VL]H ODUJHVW GLPHQVLRQZDV PP 6'
LQ0;PP6'LQ&(60DQGPP6'LQ05,YHUVXV
PP 6' IURPSRVWRSHUDWLYH KLVWRORJ\%UHDVW GHQVLW\ FODVVHVZHUH





















































0HWKRGVDQG0DWHULDOV:HRSWLPLVHGWKH LPDJLQJSK\VLFV IRU WKH/XPD*(0
0%,VFDQQHU*DPPD0HGLFDWKDWXVHVWZRGHWHFWRUKHDGVZLWKSL[HOODWHG&=7
JDPPDGHWHFWRUVZLWKPPVTXDUHSL[HOV:HGHVLJQHGDORZGRVHFROOLPDWRU



















































































DOORZVGLIIHUHQWLDWLRQRI WXPRXUVLPXODWLQJ LQFOXVLRQV LQEUHDVWPLPLFNLQJSKDQ
6FLHQWLILF6HVVLRQ

































LQJ05,DQGPDPPRJUDSK\XOWUDVRXQG ,QSUHGRPLQDQWO\ IDWW\EUHDVWV 
JODQGXODUHDFKUHDGHUGHWHFWHGPDOLJQDQWOHVLRQVRQJDGREHQDWH
GLPHJOXPLQHHQKDQFHG05, FRPSDUHGZLWK   OHVLRQV RQ
JDGRSHQWHWDWHGLPHJOXPLQHHQKDQFHG05,DQGOHVLRQVRQPDP









































0HWKRGVDQG0DWHULDOV7KH07 FOLQLFDO SURWRW\SHSHUIRUPV' WRPRJUDSKLF






































































5HVXOWV0DMRULW\  RI E05, GHVFULSWRUVZHUH DVVRFLDWHGZLWK76WDJH
3 UHVXOWLQJ LQGLIIHUHQWDFFXUDF\RIVXFKIHDWXUHVDFFRUGLQJWR WXPRXU
VL]H7KLVFRQWULEXWHGWRWKHKLJKHUSHUIRUPDQFHRIE05,LQDGYDQFHG76WDJHV,,
$8& ,,,$8& FRPSDUHGWRVPDOOHUWXPRXUV,$8& 3




















5HVXOWV05, FRUUHFWO\ GHPRQVWUDWHG WKHSUHVHQFHRI '&,6 VHQVLELOLW\
,QSDWLHQWVQRHQKDQFHPHQWZDVLGHQWLÀHGLQWKHDUHDRIQHRSODVP
&',6VPDOOHUWKDQRUHTXDOWRPPRQPDPPRJUDSK\GLGQRWSUHVHQWHQKDQFH













































































PHQRSDXVDO DQGSUHPHQRSDXVDO SDWLHQWVPD\EHQHÀW IURPSUHRSHUDWLYH05,
3UHPHQRSDXVDOZRPHQXQGHUJRPRUHPDVWHFWRPLHVDQG1$4
6FLHQWLILF6HVVLRQ





















5HVXOWV +LJK EDVHOLQH$'& EYDOXH ZDV DVVRFLDWHGZLWK SDWKRORJLFDO





































































0HWKRGVDQG0DWHULDOV$ UHWURVSHFWLYH VWXG\ RI  SDWLHQWVZDV SHUIRUPHG
ZKHUHDOOSDWLHQWVXQGHUZHQWWZR'&(05,H[DPLQDWLRQVEHIRUH(;DQGGXU





































RI DQG UHVSHFWLYHO\3DWLHQWVZLWK SDWKRORJLFDO FRPSOHWH










3XUSRVH7R FRPSDUHDWWHQXDWLRQ YDOXHVRI K\SHUYDVFXODU OLYHU OHVLRQZLWK














5HVXOWV )LIWHHQ OHVLRQVZHUH GHWHFWHG7KHPHDQ DWWHQXDWLRQ YDOXHV RI WKH





















































3XUSRVH7KHDLPRI WKLVVWXG\ZDV WRHYDOXDWH WKHUHOLDELOLW\RIPHDVXUHPHQW
RISDQFUHDWLFYROXPHE\&7LQWUDQVSODQWHGSDWLHQWV7RGD\WKHUHLVQRVXIÀFLHQW
SURJQRVWLFPHWKRGIRUSUHGLFWLQJIDLOXUHRIWUDQVSODQWHGSDQFUHDV7KHK\SRWKHVLV




















































































SURYLGH DQRWKHU KHOSIXOPHWKRG WR GLIIHUHQWLDWH$0/ DQG5&& LQ DGGLWLRQ WR













$OO SDWLHQWVXQGHUZHQWXQHQKDQFHG ORZGRVH&7 /'&7 HIIHFWLYHP$V 
DQGIROORZHGE\XOWUDVRXQGDQGVWDQGDUGGRVH&76'&7HIIHFWLYHP$V 




















IURP)%3 WR+8KLJKHVW OHYHO ,575HODWLYHQRLVH LQ ,57 LPDJHV




















PP VFDQV GHWHFWHG PRUH V+&& IRFXVHV DQG PRUH&+ FDVHV 7KH
U&%) POÃJÃPLQ U&%9 POÃJ DQG077 V IRU JURXSV  DQG






























































































































3&%9DQGÁRZH[WUDFWLRQSURGXFW )(ZHUH FDOFXODWHG$OO SDUDPHWHUVZHUH
PHDVXUHGLQWKHGRZQVWUHDP/$'DUHDDQGZHUHFRUUHODWHGZLWKUHODWLYHLQSXWÁRZ
5HVXOWV0%) EDVHOLQH POPOPLQ U  VORSH  )3'9


















FRURQDU\ DUWHU\ GLVHDVH &$'DQGDQJLRJUDSKLFDOO\ FDWK SURYHQ VWHQRVLV RI
LQGHÀQLWHKDHPRG\QDPLFUHOHYDQFHZHUHLQFOXGHG)LUVWSDVVP\RFDUGLDOSHUIXVLRQ
VWUHVV05,7$FKLHYD3KLOLSVZDVSHUIRUPHGLQFOXGLQJ&LQH66)3LQORQJDQG
VKRUWD[HVDFFHOHUDWHGNW%/$67SHUIXVLRQ VSDWLDO UHVROXWLRQ[PP LQ
VKRUWD[HVGXULQJDGHQRVLQHVWUHVVDQGDWUHVWZLWKPPRONJJDGREXWURO














7KH FRPELQDWLRQRI KLJKÀHOG DQG UDSLG DFTXLVLWLRQ \LHOGV LPSURYHGGLDJQRVWLF
TXDOLW\3URVSHFWLYH05, VWXGLHV LQ FRPSDULVRQZLWK FRURQDU\ ÁRZ UHVHUYHDUH
QHHGHGWRDVVHVVWKHGLDJQRVWLFEHQHÀW
6FLHQWLILF6HVVLRQ
























5HVXOWV0HDQGHQVLWLHV EHWZHHQERWK JURXSVZHUH QRW VLJQLÀFDQWO\ GLIIHUHQW
IRU&&7$+8DQG03,+8DWSHDNHQKDQFHPHQW
S +\SRSHUIXVHG WHUULWRULHV VKRZHG VLJQLÀFDQWO\ ORZHU+8FRPSDUHG
WRUHPRWHP\RFDUGLXPLQWKHVHSWXPDQGODWHUDOZDOO LQ&&7$+8


















































&RQFOXVLRQ5HFRQVWUXFWLRQV IURP LPSURYH LPDJHTXDOLW\RIG\QDPLF&7



















































































WREHJRRG)')%3ѣ +')%3ѣ +'6$),5(ѣ 




















































































IRUSURVSHFWLYH(&*WULJJHUHGVHTXHQWLDOGXDO VRXUFH '6&7$XVLQJ LWHUDWLYH
UHFRQVWUXFWLRQRIWKHWKRUDFLFDRUWDLQFRPSDULVRQWRSURVSHFWLYH(&*WULJJHUHG
VHTXHQWLDOGXDOVRXUFH'6&7$ZLWKVWDQGDUGÀOWHUHGEDFNSURMHFWLRQ)%3



















ZKLOHPDLQWDLQLQJREMHFWLYH DQG VXEMHFWLYH LPDJHTXDOLW\ZKHQ FRPSDUHG WR D
VWDQGDUGSURWRFROZLWKÀOWHUHGEDFNSURMHFWLRQ
6FLHQWLILF6HVVLRQ
































DQDWRPLFDOVHJPHQWV7KHRQO\PRGHUDWHYDOXHV IRU WKH WKRUDFLFDRUWDPD\EH
H[SODLQHGE\ WKH FRPSOH[GHSLFWLRQRI WKH YHVVHOZDOO GXH WR FDUGLDFPRWLRQ





































DQJLRJUDSK\ PPFROOLPDWLRQ PO ,RPHSURO PJ,P/#POV




SURWRFROVZHUH DOVR FRPSDUHG LQ WHUPV RI GLDJQRVWLF SHUIRUPDQFH XVLQJ SUH
LQWHUYHQWLRQDO'6$DVJROGVWDQGDUG

















































































0HWKRGVDQG0DWHULDOV  FRQVHFXWLYH SDWLHQWV RXW RI 7$$9,VZLWK








SDUDYDOYXODU OHDNV Q ZDVZLWKPLOGSDUDYDOYXODU OHDNV Q 
 S  DQGZLWKPRGHUDWH SDUDYDOYXODU OHDNV Q  
S 7KHUHZDVDVLJQLÀFDQWFRUUHODWLRQEHWZHHQ$9&6DQGSDUDYDOYXODU
OHDNVU S DQGDWUHQGWRZDUGVDKLJKHULQFLGHQFHRIQHZSDFHPDNHU
LPSODQWDWLRQ U  S 1R FRUUHODWLRQZDV IRXQG WR GD\PRUWDOLW\













































5HVXOWV2YHUDOO UHVXOWV ' PV ' PVZHUH VLPLODU 5H
VXOWV EDVHG RQ GLIIHUHQW DOJRULWKPV GLIIHUHG QRQVLJQLÀFDQWO\ZLWK DYHUDJH EL
DVHVPV778PV77)DQGPV;&RUU773
VKRZHGVLJQLÀFDQWGLIIHUHQFHVZLWKXQSK\VLRORJLFDOYDOXHV2YHUDOOLQWHUREVHUYHU












3XUSRVH 7R FRPSDUH WKH LPDJH TXDOLW\ DQG UDGLDWLRQ GRVH RI D SHULSKHUDO
&7DQJLRJUDSK\ S&7$SHUIRUPHGZLWK ORZN9SDQG%0,DGMXVWHGP$V WR WKH
VWDQGDUGSURWRFRO






























































































































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
&RQFOXVLRQ &DUGLRYDVFXODU&7 H[DPLQDWLRQV FDQ EH SHUIRUPHG LQ FDUGLR




















SURVWKHWLF VXESURVWKHWLF SHULSURVWKHWLF LQWUDSURVWKHWLF DQG YDOYXODU UHJLRQV



































&&+'ZKLFK LV VXSHULRU WR77( UHPDUNDEO\ LQ WKH GLDJQRVLV RI H[WUDFDUGLDF











0HWKRGVDQG0DWHULDOV %ORRG VDPSOHVZHUH REWDLQHG IURP WKLUWHHQ FKLOGUHQ



































5HVXOWV$ WRWDO RI SVHXGRHPEROLFSHUIXVLRQGHIHFWVZHUHGHSLFWHG LQ
































































3XUSRVH'XDO HQHUJ\ FRPSXWHG WRPRJUDSK\ '(&7 SHUIXVLRQPDSV FDQEH
XVHG WR YLVXDOLVH SXOPRQDU\ SHUIXVLRQ LQ WKHGLDJQRVWLFZRUNXSRI SXOPRQDU\
HPEROLVP3(DQGRWKHUSXOPRQDU\GLVHDVHV6WXG\SXUSRVHDUHWRREVHUYH
LQWHUREVHUYHUYDULDELOLW\LQSHUIXVLRQPDSUHDGLQJWRFRPSDUHSHUIXVLRQPDSV


































































5HVXOWV0HDQVFDQ OHQJWK IXOOPP OLPLWHGPPDYHUDJHFKDQJH
PPSSDWLHQWVKDGDEQRUPDOLWLHVPLVVHGRQOLPLWHG

















































0HWKRGV DQG0DWHULDOV 7ZR UHDGHUV LQGHSHQGHQWO\PHDVXUHG ,1 5












































































































SDULHWDO SOHXUD WR JDLQ DFFHVV WR VXEFDULQDO O\PSK QRGHV2QH KXQGUHG DQG
IRUW\RQHSDWLHQWVZHUHLQFOXGHGLQWKHVWXG\IHPDOHVPDOHV1RDUWLÀFLDO
ZLGHQLQJRIWKHPHGLDVWLQXPXVLQJVDOLQHLQMHFWLRQZDVUHTXLUHG7KHVWXG\ZDV
SHUIRUPHG LQ WKHSUHVHQFHRIDF\WRSDWKRORJLVWVHQVLWLYLW\DQGVSHFLÀFLW\ UDWHV




















FXWDQHRXVJDVWURVWRP\ WHFKQLTXHZLWK ORRSJDVWURSH[\DQGSHHODZD\ VKHDWK
WURFDUWHFKQLTXH
0HWKRGVDQG0DWHULDOV$FRQVHFXWLYHVHULHVRIDP\RWURSKLFODWHUDOVFOHURVLV
SDWLHQWV LQZKRPHQGRVFRSLF JDVWURVWRP\ZDV FRQVLGHUHG WRR GDQJHURXV RU













*S5 5 5 5 *S5 























































































































































































DSSURDFKHGZLWK3' VSLQH RU7:76( SHULSKHUDO ERQHVPXVFXORVNHOHWDO
V\VWHP1RPDMRUFRPSOLFDWLRQVRFFXUUHG$YHUDJHOHVLRQVL]HZDVPPPLQ
PD[








































































































DQG IHHWVKRZHGVWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQFHVEHWZHHQ WKH IRRWDQGKDQG































FLÀFDWLRQVQ ZKLOHLQJURXS%Q Q DQGQ UHVSHFWLYHO\S
6FLHQWLILF6HVVLRQ









































































































































































WKHSUROLIHUDWLYHSKDVH PHDQ UDQJHZHUH ORZHU WKDQ LQ WKH
SHULRYXODWRU\SKDVHPHDQUDQJH%RWKGLIIHUHQFHVZHUHKLJKO\
VLJQLÀFDQWDWVWDWLVWLFDODQDO\VLVS


















UHVSHFWLYHO\66, LQHDFKÀEURLGZDVUHWURVSHFWLYHO\DQDO\VHGDFFRUGLQJ WR WKH
QRQSHUIXVLRQYROXPH139UDWLR







9$6 9$6 ZHHNV 3DWLHQWVWUHDWHGZLWKGU\
QHHGOLQJRQO\KDGDGHOD\HGGHFUHDVHRIV\PSWRPVEXWSHUPDQHQWORQJODVWLQJ
HIIHFWV EDVHOLQH9$6  ZHHNV9$6  9$6   
9$6   9$6   9$6  3DWLHQWV WUHDWHGZLWK WKH
FRPELQHGSURFHGXUHKDGD IDVWHUDQGPRUHSHUPDQHQWGHFUHDVHRIV\PSWRPV
EDVHOLQH9$6 ZHHNV9$6 9$6 9$6 
9$6 9$6 SIRUDOO













WR WKH UDGLRORJ\GHSDUWPHQW IROORZLQJDSSURSULDWHDQDHVWKHWLF DQG VXUJLFDO DV
VHVVPHQWZLWK UHTXLUHPHQW IRUFHUYLFDO7)(6,V1RUPDOO\SDWLHQWVZRXOGKDYH
XQGHUJRQHÁXRURVFRSLFRU&7JXLGHGLQMHFWLRQEXWZHUHHQUROOHGLQWKLVVWXG\DIWHU
IXOO\ LQIRUPHGZULWWHQ FRQVHQW$JDXJH VSLQDO QHHGOHZDVDGYDQFHGXQGHU
VRQRJUDSKLFJXLGDQFHWRDWUDQVIRUDPLQDOSRVLWLRQQHUYHURRWOHYHOVPDSSHGE\
LGHQWLI\LQJWUDQVYHUVHSURFHVVHVDQGFRXQWLQJQHUYHURRWVFUDQLDOO\7KHQHUYHURRW































XOWUDVRXQGJXLGHG WHFKQLTXH UHVXOWHG LV VWDWLVWLFDOO\ VLJQLÀFDQW LPSURYHPHQW LQ
SDWLHQWRXWFRPHS
&RQFOXVLRQ86JXLGHG LQMHFWLRQRI VWHURLGVDORQJ WKH/)&1 LQ SDWLHQWV FRP
SODLQLQJRI0HUDOJLDSDUHVWKHWLFDUHVXOWVLQPRUHIUHTXHQWORQJWHUPLPSURYHPHQW
LQ V\PSWRPVDV FRPSDUHGZLWK KLVWRULFDO FRQWUROV WUHDWHG E\ LQMHFWLRQZLWKRXW
XOWUDVRXQGJXLGDQFH
6FLHQWLILF6HVVLRQ


























































































































































































3XUSRVH7RHYDOXDWH WKHFRQWULEXWLRQRIELODWHUDOXOWUDVRXQG 86 LQGHWHFWLQJ
DGGLWLRQDOEUHDVWFDQFHUDWGLDJQRVWLFDVVHVVPHQWRIOHVLRQVGHWHFWHGZLWKGLJLWDO
PDPPRJUDSK\VFUHHQLQJ





























FKHPRUDGLRWKHUDS\ &&57 DQG WR DVVHVV UHODWLRQVKLS EHWZHHQ TXDQWLWDWLYH
SDUDPHWHUVRIWKHWXPRXUVDQGÀQDOWXPRXUUHVSRQVHVWRWUHDWPHQW
0HWKRGVDQG0DWHULDOV  FRQVHFXWLYH SDWLHQWVZLWK ELRSV\SURYHQ FHUYLFDO
FDQFHUZHUHHQUROOHG'&(,ZDVREWDLQHGXVLQJ7ZHLJKWHG'IDVWÀHOGHFKR
VHTXHQFHDW73KDUPDFRNLQHWLFDQDO\VLVXVLQJDQH[WHQGHG.HW\PRGHOZDV




































































&RQFOXVLRQ$:86 LV WKRXJKW WREHXVHIXO IRUGHWHFWLQJEUHDVW OHVLRQ$:86










































































































WKHGHWHFWLRQ RI VXVSLFLRXV OHVLRQV$%96VHHPVDSURPLVLQJQHZXOWUDVRXQG
WHFKQLTXHLQEUHDVWHYDOXDWLRQ
6FLHQWLILF6HVVLRQ
6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
EUHDVWV6HQVLWLYLW\RIPXFLQRXVFDUFLQRPDVDQG/&,6ZDVORZHU
WKDQ WKHRWKHUPDOLJQDQFLHV6SHFLÀFLW\ RI SDSLOORPDWD DQG ÀEURF\VWLF
FKDQJHZDVORZHUWKDQIRURWKHUEHQLJQFRQGLWLRQV










XVLQJ UHDOWLPH YLUWXDO VRQRJUDSK\ 596 IRU WKH LGHQWLÀFDWLRQRI05,GHWHFWHG
OHVLRQVRIWKHEUHDVW






































































































UHIHUUHG WRRXUGHSDUWPHQW IRU LPDJHJXLGHGELRSV\ZHUHHYDOXDWHGZLWKXOWUD









QR DFRXVWLF VKDGRZLQJ  YV SRVWHULRU VKDGRZLQJ  YV FRPELQHG











































































ZLWK QRUPDO05,+RZHYHU WKLV LQFUHDVHZDVDOZD\VJUHDWHU LSVLODWHUDO WR WKH
HSLOHSWLFIRFXV




































3XUSRVH:H WU\ WR ÀQG GLDJQRVWLFPDUNHUV WR GLIIHUHQWLDWH3' IURPPXOWLSOH
V\VWHPDWURSK\ 06$DQGSURJUHVVLYHVXSUDQXFOHDUSDOV\ 363XVLQJ$'&ҋV
DQG7YDOXHVLQWKHEDVDOJDQJOLD%*DQGLQPLGGOHFHUHEUDOSHGXQFOHV0&3











































ZKLWHPDWWHU :0 YROXPHVZHUHGHÀQHG IURP7ZHLJKWHG LPDJHV IUDFWLRQDO
DQLVRWURS\)$PHDQLQJVZHUHFDOFXODWHGXVLQJ)6/
5HVXOWV3DWLHQWVRI$DJHVXEJURXSDOVRGLGQRWVKRZDQ\VLJQLÀFDQWGLIIHUHQFH


















































































0HWKRGVDQG0DWHULDOV3DWLHQWVZLWK(7 Q  0) DJH  DQG
KHDOWK\YROXQWHHUVQ 0)DJH ZHUHGLYLGHGLQWRDJHJURXSV
 \HDUV FRQWUROV SDWLHQWV   \HDUV F  S   \HDUV F 






5HVXOWV:HIRXQG1$$FRQWUROV SDWLHQWV SYDOXH (






















ZLWK H[WUDFHOOXODU FRQWUDVWPHGLD (&&005, DQG FRQWUDVWHQKDQFHG0'&7










 FDVHV DIWHU*G(2%'73$05, (&&005, DQG&(0'&7 UHVSHF
WLYHO\ S'LDJQRVWLFFRQÀGHQFHZDVKLJKYHU\KLJK LQ


















3XUSRVH*G(2%'73$ LV D OLYHUVSHFLÀF FRQWUDVW DJHQW IRU GLIIHUHQWLDWLRQRI
IRFDOOLYHUOHVLRQV+HUHLQRXUDLPLVWRFRPSDUH*G(2%'73$NLQHWLFVDPRQJ


































































































&RQFOXVLRQ':05,ZLWK E YDOXHVRI  DQGPVGRQRW DGHTXDWHO\





















0( DQG DUHD XQGHU FXUYH $8&'&(05,SDUDPHWHUVPRGLÀFDWLRQVZHUH
FRPSDUHGZLWKPHWDEROLFIXQFWLRQ>&SHSWLGHJO\FDWHGKDHPRJORELQ+E$F@DW
PRQWKVDIWHUWUDQVSODQWDWLRQ
5HVXOWV'&(05,SDUDPHWHUV LQFUHDVHGGD\VDIWHU WUDQVSODQWDWLRQ LQSWV
SWу0(у$8&SWу0(у$8&7KHVHSWVVKRZHG
D JRRGJUDIW IXQFWLRQ DW PRQWKV DIWHU WUDQVSODQWDWLRQ SW&SHS QJPO




























































3XUSRVH7R HYDOXDWH WKH FXUUHQW LPSDFW RI FRQWUDVWHQKDQFHG LQWUDRSHUDWLYH











































































































5HVXOWV7KHPHDQ LPDJHTXDOLW\ IRU WKH DXWRPDWHGSURFHVVHGH[DPLQDWLRQV
ZDV UDWHGKLJKHU IRUDOO FDWHJRULHVDQGVKRZHGVWDWLVWLFDOVLJQLÀFDQWGLIIHUHQFH










































































3XUSRVH7XUQHU V\QGURPH 76 LV DVVRFLDWHGZLWK FRQJHQLWDO KHDUW GLVHDVHV
&+'DRUWLFGLODWLRQDQGGLVVHFWLRQEXWDOVRZLWKDKLJKSUHYDOHQFHRIYDVFXODU











































ZDVQRWHGEHWZHHQERWK V\VWHPV S  ,QIHULRUJOXWHDO 7 Q 6 
7 Q 6 QRGLIIHUHQFH S  ,QWHUQDOSXGHQGDO7 Q 6 
7 Q 6  QR GLIIHUHQFH S 0LGGOHUHFWDO 7 Q 6 
7 Q 6  QR GLIIHUHQFH S  ,OLROXPEDU 7 Q 6 
 7 Q 6  VLJQLILFDQW GLIIHUHQFH QRWHG S  /DWHUDOVDFUDO
7 Q 6  7 Q 6  VLJQLÀFDQW GLIIHUHQFH QRWHG S 
8WHULQH7Q 6 7Q 6 VLJQLÀFDQWGLIIHUHQFHQRWHGS 
2EWXUDWRU7Q 6 7Q 6 VLJQLÀFDQWGLIIHUHQFHQRWHG








































SDWLHQWVZHUH FODVVLÀHGDV KDYLQJDFWLYHSHUVLVWHQW GLVHDVHDQG SDWLHQWV DV
KDYLQJUHPLVVLYHGLVHDVH7KHDUWHULDOV\VWHPZDVGLYLGHGLQWRVHJPHQWVRI
UHJLRQV7KHLPDJHTXDOLW\ZDOOWKLFNQHVVDQGZDOOVLJQDOLQWHQVLW\ZHUHHYDOXDWHG
E\ WKUHH UDGLRORJLVWVZKRZHUHQRW NQRZLQJFOLQLFDOGDWD4XDOLW\DQDO\VLVZDV






























































&RQFOXVLRQ7KHSUHVHQWDQJLRJUDSKLF V\VWHPZLOO OHDG WREHWWHUSUHGLFWLRQRI
WKHUDSHXWLFHIIHFWVRISHUFXWDQHRXVFRURQDU\LQWHUYHQWLRQDQGRUFRURQDU\E\SDVV








DW WKH VDPH ORZGRVH OHYHOV DV FRQYHQWLRQDO SURMHFWLRQ ÁXRURVFRS\ 'WLPH
JXLGDQFH
0HWKRGVDQG0DWHULDO7RGD\ UDGLRORJLFDOJXLGDQFHRI LQWHUYHQWLRQV LV OLPLWHG
WRSURMHFWLRQÁXRURVFRS\DQGUHSHWLWLYH IXOOGRVHYROXPHWULF&7VFDQV7KHXVH
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ZKHQHYHUSRVVLEOH ,QWHUYHQWLRQDO UDGLRORJLVWVVKRXOGEHDZDUHRI WKHUDGLDWLRQ
H[SRVXUHRIGLIIHUHQWSURFHGXUHW\SHV$UHJLVWU\RIUDGLDWLRQH[SRVXUHVKRXOGQRW









PDMRU LVVXH IRU WKH3XEOLF+HDOWK7KH LQFUHDVLQJ FRPSOH[LW\RI)*,HQKDQFHV
WKHULVNRIFUHDWLQJVLGHHIIHFWVIRUSDWLHQWVXFKDUDGLDWLRQLQGXFHGVNLQLQMXULHV
&XUUHQWO\ GRVHDUHDSURGXFW '$3HVWLPDWH WKHSDWLHQW VNLQ GRVH7KLV VWXG\
HYDOXDWHVDQLQQRYDWLYHDZDUHQHVVWRROWKDWGLVSOD\VGLUHFWO\WKHUHDOWLPHSHDN
VNLQGRVHLQIRUPDWLRQ
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YHU\JRRG U  SDQGJRRG U  S  IRUPL[HG OHVLRQV





























0HWKRGVDQG0DWHULDOV )RXU FRPSUHVVLEOH SKDQWRPVZHUHPDGH ÀOOHGZLWK














































































































&RQFOXVLRQ7KHSUHYDOHQFHRI VXEFOLQLFDO DWKHURVFOHURVLV VKRZHGE\&7$ LQ
DQDV\PSWRPDWLFSRSXODWLRQ LVKLJKDQGLWZDVUHODWHGZLWKDKLJKHUQXPEHURI










VHOHFWHGRQ WKHEDVLV RI&7&$SHUIRUPHGRQ VOLFH GXDO VRXUFH&7 RYHU D
IRXU\HDUSHULRGLQDWHUWLDU\FDUGLRWKRUDFLFFHQWUH&7&$DQGPDWFKHGFDWKHWHU
VRIWZDUH7HUD5HFRQ&$86$LQFRPSDULVRQZLWK05DQG(FKRERWKSHUIRUPHG
RQ WKH VDPHGD\'XULQJ DOO WKH H[DPLQDWLRQV+5KDV EHHQ UHFRUGHG0'&7
LQWHUREVHUYHUDJUHHPHQWZDVDOVRDVVHVVHG
5HVXOWV+5UHFRUGHGGXULQJWKHH[DPLQDWLRQVUHVXOWHGORZHUIRU0'&7



























UHGXFWLRQRIRUPRUH)RU WKHRULJLQDOVHULHV WKHUHYLHZHUZDVDOORZHG WR


























































































































3XUSRVH7R LQYHVWLJDWH WKHSUHYDOHQFHRI VLJQLÀFDQW FRURQDU\DUWHU\ VWHQRVLV


























3XUSRVH7R DVVHVV WKHHIIHFW RI LQWUDFRURQDU\ DWWHQXDWLRQRQGLDJQRVWLF DF









































3XUSRVH7KHVWXG\RIHIIHFWVRIYDVFXODU LQWHUYHQWLRQV LV WRGD\PRVWO\ OLPLWHG
WRVWDWLFYHVVHOPRGHOV7KLVUHSUHVHQWVDQRYHUVLPSOLÀFDWLRQLQWKHFDVHRIWKH
WKRUDFLFDRUWDZKLFKLVVWURQJO\LQÁXHQFHGE\WKHPRWLRQRIWKHP\RFDUGLXP























GDWD2EVHUYLQJWKLVZHGHYHORSHGDQ LQWHUDFWLYH LQFUHPHQWDODQQRWDWLRQ WRRO




















































































0HWKRGVDQG0DWHULDOV ,QLWLDO DQG IROORZXS&7 VWXGLHV IURPRQFRORJLFDO
SDWLHQWV XQGHUJRLQJ URXWLQH&7 VWDJLQJZHUH UHWURVSHFWLYHO\ LQFRUSRUDWHG LQWR





































































































































































5HVXOWV6WHQW SODFHPHQWZDV IHDVLEOH LQDOO SURFHGXUHVDQGVXFFHVVIXO UHFD
QDOLVDWLRQGHÀQHGDVWKURPERVLVLQFHUHEUDOLVFKDHPLD7,&,JUDGHERUZDV










































































 LQWUDFUDQLDO FDURWLG  0   WDQGHPRFFOXVLRQ 
 H[WUDFUDQLDO LQWHUQDO FDURWLG LVRODWHG RFFOXVLRQ   3 
EDVLODUWUXQN 7KHUDSHXWLFLQWHUYHQWLRQVLQFOXGHGPXOWLPRGDO


























5HVXOWV7KH UHFDQDOLVDWLRQ UDWHZDV LQ JURXS ,  LQ JURXS ,, DQG
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)ULGD\
&RQFOXVLRQ6LOHQWHPEROLFHYHQWVDUHPXFKPRUH IUHTXHQW WKDQ WKHDSSDUHQW



















5HVXOWV7KHUHZHUHQHZ OHVLRQV LQ  SDWLHQWV  PHDQ
SHUSDWLHQW,QRIWKHPWKHUHZHUHVLQJOHOHVLRQVDQGLQ






























































































3XUSRVH 6WHQWDVVLVWHG FRLOLQJ KDV LPSURYHG WKH DELOLW\ WR WUHDW GLIÀFXOW DQG
FRPSOLFDWHGDQHXU\VPV7KHSUHVHQWVWXG\DLPVWRLQYHVWLJDWHWKHUDWHRIVLOHQW
HPEROLFOHVLRQVDIWHUVWHQWDVVLVWHGFRLOLQJDQGWRGHÀQHDVVRFLDWHGSUHGLFWRUV
0HWKRGVDQG0DWHULDOV7KHVWXG\ LQFOXGHVD WRWDORISDWLHQWV WUHDWHGZLWK
 VWHQWDVVLVWHG FRLOLQJV':,05 LPDJLQJ RI WKH EUDLQZDV SHUIRUPHGDIWHU
















































3XUSRVH ,WHUDWLYH UHFRQVWUXFWLRQHQDEOHV WKH UHGXFWLRQRI UDGLDWLRQGRVHZLWK











































&&6KDVQRW EHHQ LQYHVWLJDWHG:HHYDOXDWHG LQYLYRDQG LQYLWUR WKH UHSUR





LQJFDOFLXP LQVHUWVRIGLIIHUHQW VL]HV)XOOGRVH UHFRQVWUXFWLRQVZHUHEDVHGRQ
SURMHFWLRQV IURPERWK'6&7 WXEHGHWHFWRUFRQÀJXUDWLRQV+DOIGRVHDFTXLVLWLRQ













&RQFOXVLRQ2YHUDOO &&6 REWDLQHG E\ )%3 DQG LWHUDWLYHUHFRQVWUXFWLRQ DUH
FRPSDUDEOHHYHQLIWKHUDGLDWLRQGRVHLVUHGXFHGE\/LNHO\WKURXJKQRLVH
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)ULGD\
VLJQLÀFDQWO\GLIIHUHQWXVLQJD6$6RU56SURWRFRO7KHHVWLPDWHGUDGLDWLRQGRVH
ZDV VLJQLÀFDQWO\ ORZHUZLWK WKH6$6 WKDQZLWK WKH56SURWRFRO  YV
P6YS














DYDLODEOH WUDQVODWLRQZHUH LGHQWLÀHG RQ0('/,1(XVLQJ DQ RQOLQH VHDUFK WRRO


































































3XUSRVH7R GHWHUPLQH WKH LPSDFW RI LQVWHQRVLV FRQWUDVW RQ DFFXUDWH OXPHQ
DVVHVVPHQW LQ FDOFLÀHGFRURQDU\SODTXHVFRPSDULQJ WZRKLJKUHVROXWLRQ&7D
SKDQWRPVWXG\
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7KH LQWHU DQG LQWUDRSHUDWRU GLIIHUHQFHVZHUHH[SUHVVHGDVSHUFHQWDJHVRYHU
PHDQV%ODQG$OWPDQ0HDQYDOXHVRIGLIIHUHQFHVуDQGVWDQGDUGGHYLDWLRQV
6'ZHUHDVVHVVHG
5HVXOWV$XWRPDWLF PHDVXUHPHQWV RI /$ KDV VKRZQ KLJK UHSURGXFLELOLW\
PHDQ6' RQ ERWK LQVSLUDWRU\ DQG H[SLUDWRU\ VFDQV )RU /$ZH REVHUYHG
уLQWHULQVS6'уLQWHULQVS    уLQWUDLQVS6'уLQWUDLQVS






















ZHUHIRXQGLQ*URXSS U DQGJURXSS U QRUZKHQ
JDWKHULQJSDWLHQWVIURPJURXSVDQGS U 


























































































































&RQFOXVLRQ0'&7 HYDOXDWLRQ RI DQRPDOLHV RI WKH WUDFKHREURQFKLDO WUHH LQ
FKLOGUHQZLWKFRQJHQLWDOKHDUWGLVHDVH&+'LGHQWLÀHVWKHFDXVHVRIUHVSLUDWRU\



































&RUUHODWLRQV7$YV+3U S +3YV)()U S +3








































3XUSRVH'UXJHOXWLQJ EDOORRQV KDYH VKRZQSURPLVLQJ UHVXOWV LQ UHFHQW WULDOV






































































































3XUSRVH7RGHWHUPLQHVDIHW\ WHFKQLFDO IHDVLELOLW\DQGFOLQLFDOHIÀFDF\RI LQWUD

























































3XUSRVH7KHVWXG\REMHFWLYHZDV WRH[DPLQH WKHDSSOLFDWLRQRIH[FLPHU ODVHU
DWKHUHFWRP\(/$LQSDWLHQWVZLWKUHIUDFWRU\RFFOXVLRQVLQIHPRURSRSOLWHDODUWHU











5HVXOWV7KH LQLWLDO WHFKQLFDO VXFFHVV UDWHRI   UHVXOWHG LQ SULPDU\

















































































































































































































0HWKRGVDQG0DWHULDOV05 LPDJHV IRUSDWLHQWVZHUH UHYLHZHG*URXSL


























































































































DJH UDQJHRI  \HDUVZHUH VHOHFWHG IURP WKHRVWHRDUWKULWLV LQLWLDWLYH 2$,
GDWDEDVH7HVOD05LPDJHVRIWKHULJKWNQHHDWEDVHOLQHDQG\HDUIROORZXS































































































































5HVXOWV0HDQ ,9,0 SDUDPHWHUVZHUH I    DQG





























HQKDQFHPHQW  DQGSRUWDO YHLQ WKURPERVLV &RQÁXHQW ÀEURVLV DS
SHDUHGGHOD\HGHQKDQFHPHQW$'&ZDVVLJQLÀFDQWO\ORZHULQLQÀOWUDWLYH+&&
6FLHQWLILF6HVVLRQ
























































































5HVXOWV 0HDQ ,9,0 SDUDPHWHUV ZHUH '6ORZ ð PPVò
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LQDQGS2YHUDOOSDWKRORJLFFRQÀUPDWLRQRI
PDOLJQDQF\ZDVUHVSHFWLYHO\DQGLQVXUJLFDOVSHFLPHQV
&RQFOXVLRQ'%7 FRPELQHGZLWK'0DQG86 LPSURYHG FRQYHQWLRQDO LPDJLQJ












































































































WHFKQLTXHV GLJLWDOPDPPRJUDSK\ >'0@DQGXOWUDVRXQG >86@ FRPELQHGRU QRW
ZLWK'%7LQSUHRSHUDWLYHEUHDVWFDQFHUDVVHVVPHQWDQGWRGHWHUPLQHWKHHIIHFWV
RQVXUJLFDOWUHDWPHQW
0HWKRGV DQG0DWHULDOV:H UHWURVSHFWLYHO\ UHYLHZHG  QHZO\ GLDJQRVHG














































HLWKHUGXFWDORU OREXODUFDQFHUZDVFRPSDUDEOH S EXW LQYDVLYHFDQFHUV
















0HWKRGVDQG0DWHULDOV'DWD IURPZRPHQDJHG\HDUVVFUHHQHG LQ WKH
1RUZHJLDQ%UHDVW&DQFHU6FUHHQLQJ3URJUDPPHEHWZHHQDQGZHUH
































































































































5HVXOWV0HDQ&7',YRO  YV P*\ DQG'/3  YV















3XUSRVH&DUFLQRPDRI XQNQRZQSULPDU\ &83 UHSUHVHQWV RI DOO KHDG
DQG QHFNPDOLJQDQFLHV DQG SRVHV VLJQLÀFDQW GHPDQGV RQ RWRUKLQRODU\QJRO
RJ\ GHSDUWPHQWV6TXDPRXV FHOO FDUFLQRPDVDFFRXQW IRU 7UDGLWLRQDO
HYDOXDWLRQRIPHWDVWDWLFFHUYLFDOO\PSKDGHQRSDWK\LQFOXGHVFOLQLFDOH[DPLQDWLRQ

































































































































































SDUDPHWHUVZHUH WXPRXU ORFDOLVDWLRQ WXPRXU GLDPHWHU WXPRXU YROXPH O\PSK
QRGHVGLVWDQWPHWDVWDVHV


























































































FXUDF\RI3(7FH&7ZHUH  DQG 
UHVSHFWLYHO\ZKHUHDVWKRVHRI3(7OG&7ZHUHDQG
UHVSHFWLYHO\6HQVLWLYLW\VSHFLÀFLW\DQGDFFXUDF\GLGQRWVLJQLÀ
































































































3(7&7GHVFULEHGD QXPEHU RI  OHVLRQVDVPHWDVWDWLFZKLFKZDV ORZHU DV
FRPSDUHGWR:%05,0RVWPDOLJQDQWOHVLRQVPLVVHGE\3(7&7ZHUHORFDWHGLQ
WKHH[WUHPLWLHV3(7&7ZDVPRUHVHQVLWLYHLQGHWHFWLQJPDOLJQDQWOHVLRQVRIWKH


























5HVXOWV7KH VHQVLWLYLW\ VSHFLÀFLW\ SRVLWLYH SUHGLFWLYH YDOXH 339 QHJDWLYH


















































































5HVXOWV6XEVWLWXWLRQRIERQHE\VRIW WLVVXHYDOXHV LQ$&PDSV UHVXOWHG LQDQ
XQGHUHVWLPDWLRQ RI 689PHDQ LQ RVVHRXV DQG VRIW WLVVXH OHVLRQV DGMDFHQW WR
ERQHVRIPLQPD[DQGPLQPD[
 UHVSHFWLYHO\$QDO\VLVRI WKHVSLQHDQGSHOYLFRVVHRXV OHVLRQV UHYHDOHGD





















UDGLDWLRQGRVHVFRQIHUD OLIHWLPHFDQFHU ULVNRIXS WR7KHVHVFDQVKDYH
WREH IXOO\ MXVWLÀHGHLWKHU LQ WHUPVRI LPDJLQJÀQGLQJVRU LQSRWHQWLDOFKDQJH LQ
PDQDJHPHQW7KHSXUSRVHRIRXUVWXG\ZDVWRHYDOXDWHZKHWKHUWDUJHWHGUHJLRQ




























































































































SRSXODWLRQ:LWK LQFUHDVLQJYROXPHVRI LQWUDSHULWRQHDOÁXLG)$67VHQVLWLYLW\ LQ
FUHDVHGVXFFHVVLYHO\WRDWPO,QWKHVXEJURXSRISDWLHQWVZLWKDYROXPH













































































































WUDXPDWLF LQMXULHVRIVROLGDEGRPLQDORUJDQV7KH WHFKQLTXH LVQRWRQO\DEOH WR




6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
&RQFOXVLRQ0'&7GHSLFWVDQH[FHOOHQWLPDJLQJPHWKRGWRHYDOXDWHDFXWHDRUWLF
























































5HVXOWV 5DGLRJUDSK\ VWXGHQWVZKR SDUWLFLSDWHG LQ WKH HGXFDWLRQDO SURJUDP
LPSURYHGWKHLUWHVWVFRUHIURPWRZKLOHWKHFRQWUROJURXSLPSURYHGWKHLU
VFRUHIURPWR
























3XUSRVH7R FRPSDUH GLIIHUHQW ORZ FRQWUDVWPDWHULDO LQMHFWLRQ SURWRFROV XVLQJ

















































5R WKHUHDUH VRPHFRUUHODWLRQVEHWZHHQ WKH VRFLRGHPRJUDSKLF YDULDEOHVDQG
WKHLUOHYHOVRIDQ[LHW\7KHOHYHORIDQ[LHW\FDQEHFKDQJHGE\PDQ\UHDVRQVRQH
DQGWKHPRVWLPSRUWDQWLVZKHQWKHSDWLHQWKDVDOUHDG\SHUIRUPHGD05,VFDQ








































































FRPSOHWLQJ WKHFOLQLFDO LQWHUQVKLS VWXGHQWVZHUHDVNHG WR VXEMHFWLYHO\TXDQWLI\
KRZWKHXVHRI53'LPSDFWHGRQGHYHORSLQJHDFKRIWKHHVWDEOLVKHGVNLOOVXVLQJ





















































































































































$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
6DWXUGD\0DUFK
6FLHQWLILF6HVVLRQ



























































































WKURPEXVHQG'LJLWDO VXEWUDFWLRQDQJLRJUDPVZHUH UHYLHZHG IRU SUHWUHDWPHQW
7,&,JUDGHSUHVHQFHRIDQWHJUDGHRSDFLÀFDWLRQGLVWDOWRWKHWKURPEXVDVZHOODV
SRVWLQWHUYHQWLRQ7,&,JUDGH


























































































5HVXOWV7KH LQWHUQDOFDURWLGDUWHU\,&$KDGVLJQLÀFDQWO\ WKH ODUJHVW$8&$,)
























































































































5HVXOWV 7KH  OXQJ VHJPHQWV VKRZHG  QRGXOHV  JURXQG JODVV
RSDFLWLHVDLUVSDFHDQGLQWHUVWLWLDOGLVHDVHVDQGQRUPDOVHJPHQWV%RWK


















0HWKRGVDQG0DWHULDOV ,Q  LPPXQRFRPSURPLVHG SDWLHQWVZLWK VXVSHFWHG




























































,6S S S DQGS UHVSHFWLYHO\
&RQFOXVLRQ7KLVVWXG\SURYLGHVDQRYHOWHFKQLTXHWRLPSURYHWKHTXDOLW\RIPRELOH
&;5LPDJHV7KHXVHRI WKH ,6KDV LPSURYHGWKH LQVSLUDWRU\GHSWKDQG LPDJH
TXDOLW\ZKHQXVHGLQSDWLHQWVUHTXLULQJLQZDUGPRELOH&;5
6FLHQWLILF6HVVLRQ
$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
6DWXUGD\
HYHQHQDEOHGWKHVDPHLPDJHTXDOLW\DVEUHDWKKROGLPDJLQJ3HUIRUPLQJLPDJH











































FKHVW&7 UHFRQVWUXFWHGZLWKPRGHOEDVHG LWHUDWLYH UHFRQVWUXFWLRQ 0%,5 DQG
DGDSWLYHVWDWLVWLFDOLWHUDWLYHUHFRQVWUXFWLRQ$6,5DQGVWDQGDUGGRVH&7UHFRQ
VWUXFWHGZLWK$6,5


























































































IUHTXHQF\VHW WRPLQDQGD WDEOHVSHHGRIPPVHF UHWURVSHFWLYHJDWLQJ
6FLHQWLILF6HVVLRQ















WUDQVDUWHULDO FKHPRHPEROLVDWLRQ 7$&(ZLWK KHSDWRFHOOXODU FDUFLQRPD +&&


















































































































































































SUHVHQWHG FRPSOHWH UHVSRQVH DIWHU WUHDWPHQWZLWK  VFKHGXOHG VHVVLRQV RI
FKHPRHPEROLVDWLRQZLWKGR[RUXELFLQORDGHG'&EHDG




















&RQFOXVLRQ '(%'2;DFKLHYHV KLJK UDWHV RI \U VXUYLYDO IRU SDWLHQWV WKDW





























































































 PPSHU WHQ GHJUHHV ÁH[LRQ /'+ LQ K\SHUH[WHQVLRQ SRVLWLRQ KDGPRUH





















3XUSRVH7RHYDOXDWH WKHHIIHFWRI WUDQVDUWHULDOFKHPRHPEROLVDWLRQ 7$&(RQ
ORFDOUHVSRQVHDQGVXUYLYDORISDWLHQWVZLWKKHSDWRFHOOXODUFDUFLQRPD+&&LQD
FXUDWLYHSDOOLDWLYHDQGQHRDGMXYDQWSURWRFRO
0HWKRGV DQG0DWHULDOV ,Q D UHWURVSHFWLYH VWXG\  SDWLHQWV PDOH





DQGVXUYLYDO UDWHV IURPÀUVW7$&(DQG ODVW7$&(ZHUHFDOFXODWHGDFFRUGLQJWR
WKH5(&,67FULWHULD


















































ERWK GDWDVHWV )6)'()6)0( DVZHOO DV IURP7FRUUHFWHG IDWZDWHURQO\






































ZLWK6&6ZDVPLVVHG3RVLWLRQDO05, VHHPVXVHIXO LQ VHJPHQWZLWK XQVWDEOH


































































































LPDJHVZHUH DOVR FROOHFWHG )UDFWLRQDO DQLVRWURS\ )$ DQGDSSDUHQW GLIIXVLRQ
FRHIÀFLHQW$'&YDOXHVZHUHH[WUDFWHG5HJLRQVRILQWHUHVWZHUHGUDZQRQWKH
PHGLDQQHUYHFPSUR[LPDOWRDQGLQWKHFDUSDOWXQQHOUDWLR GLVWDOSUR[LPDO
5HVXOWV7KHPHGLDQ QHUYHZDV LGHQWLÀHG VXFFHVVIXOO\ WKURXJK ÀEUH WUDFNLQJ
LQ DOO SDWLHQWV'LIIXVLRQ SDUDPHWHUV IRU WKHPHGLDQ QHUYHZHUH PHDQ6'










































































SODQDU UHDGRXW GLIIXVLRQZ EYDOXHV   DQGVPP VHTXHQFHV





FDQWGLIIHUHQFHVEHWZHHQE PHDQ6' E DQGE 

















RIHQKDQFHGVFDQZHUHXVHG LQSDWLHQWV LQ WKHGLDJQRVLVRIEUDFKLDOSOH[XV
SDWKRORJLHV LQYROYLQJSULPDU\DQGVHFRQGDU\EUDFKLDOSOH[XVOHVLRQVDQGLQ
YROXQWHHUV$OO SDWLHQWV KDG FOLQLFDO QHUYH FRQGXFWLRQ DQG HOHFWURP\RJUDSKLF
ÀQGLQJVFRQVLVWHQWZLWKEUDFKLDOSOH[XVOHVLRQV
5HVXOWV '67,5 VHTXHQFH DQG HQKDQFHG VFDQ FDQ FOHDUO\ GLVSOD\ DOO WKH
















ZLWKFDUSDO WXQQHOV\QGURPH&76+RZHYHUKRZ'7, UHODWHV WRHOHFWURP\RJ
6FLHQWLILF6HVVLRQ



















































ZRUNVWDWLRQ7KH LRGLQHFRQFHQWUDWLRQV IURP WKH OHVLRQZHUHQRUPDOLVHGE\ WKH
LRGLQHFRQFHQWUDWLRQVRISXOPRQDU\DUWHU\DQGDRUWDGXHWRWKHGXDOEORRGVXSSO\
RIOXQJWXPRXUWRPLQLPLVHWKHSDWLHQWYDULDWLRQ6WDWLVWLFDODQDO\VLVZDVSHUIRUPHG





































WXPRXUSHUIXVLRQLPDJLQJ ZLWK KLJKUHVROXWLRQXOWUDVRXQG LQ FRORQFDQFHU
[HQRJUDIWVLQPLFH




























3XUSRVH7RHYDOXDWH WKHDFFXUDF\RI WKHZHLJKWHG LRGLQH FRQFHQWUDWLRQ IURP
VHFRQGJHQHUDWLRQGXDOVRXUFHGXDOHQHUJ\'6'(&7VFDQLQGLDJQRVLQJPHGL
DVWLQDOO\PSKQRGHPHWDVWDVHVLQSDWLHQWVZLWKQRQVPDOOFHOOOXQJFDQFHU16&/&























































ZHUHDEOH WRGHPRQVWUDWHVXFK WXPRXUFKDQJHVDOVRHDUO\DIWHU WUHDWPHQWZLWK









































S@WKDQH[LVWLQJ779PV5 P15 PS @DQG5(&,67













































Q WXPRXUVXWHULQHVDUFRPDQ IDOORSLDQWXEHWXPRXUVQ DQGSHULWRQHDO
OLSRVDUFRPDQ WUHDWHGE\PHDQVRIF\WRUHGXFWLYHVXUJHU\DQG+,3(&ZHUHLQ
6FLHQWLILF6HVVLRQ













3XUSRVH7R FRPSDUH VWDJHVSHFLÀF LQFLGHQFH RI EUHDVW FDQFHU LQ WKH WDUJHW
SRSXODWLRQRIWKH1RUZHJLDQ%UHDVW&DQFHU6FUHHQLQJ3URJUDPPH






 YHUVXV S  )RU LQYDVLYHEUHDVW FDQFHUV
RQO\ WKH UDWH UDWLRZDV 7KH LQFLGHQFH RI VWDJH , FDQFHUZDV WZR WLPHV
KLJKHUIRUSDUWLFLSDQWVLQYLWDWLRQVFRPSDUHGZLWKQRQSDUWLFLSDQWV












































ZLWK ORFDO FDQFHU UHJLVWU\ SDWKRORJ\DUFKLYHV DQGKRVSLWDO GLVFKDUJH UHFRUGV
PDPPRJUDSK\ UHJLRQEHWZHHQ-DQXDU\DQG$XJXVW'XULQJ\HDU






VFUHHQV WR  VFUHHQV%UHDVW FDQFHU LQFLGHQFHGLG QRW GLIIHU VLJQLÀFDQWO\
















































































5HVXOWV&$'SHUIRUPDQFH 073) ZDVVLPLODU WR WKDWRI WKH UHVLGHQWV
073)  EXW VWLOO VLJQLÀFDQWO\ EHORZ WKH SHUIRUPDQFH RI WKH UDGLRORJLVWV
073) +RZHYHUDWYHU\KLJKVSHFLÀFLW\)3)DQGIRU WKHVXEVHW


























































FUHDWLQJSULRULWLVHG VXEJURXSVZLWK LQFUHDVHGSUHYDOHQFHRIPDOLJQDQW FOXVWHUV












&RQFOXVLRQ 3UHVRUWLQJ E\PDWFKLQJ&$'PDUNV VXEVWDQWLDOO\ LQFUHDVHV WKH
EUHDVWFDQFHUSUHYDOHQFHLQWKHSULRULWLVHGVXEJURXSVRIFDVHVHVSHFLDOO\LQWKH









0HWKRGVDQG0DWHULDOV ))'0FDVHVZHUH UXQZLWK D SURWRW\SH&$'
GHYLFH 6LHPHQVZLWKVHSDUDWHDOJRULWKPV IRUGHWHFWLQJPDVVHVDQGFOXVWHUV
7KHPDOLJQDQW FDVHV LQFOXGHG PDVVHV  FOXVWHUV DQG PDVVHVZLWK
























































0HWKRGVDQG0DWHULDOV ,Q WKLV LQVWLWXWLRQ UHYLHZERDUGDSSURYHGSURVSHFWLYH











































































































































































































































































































QRQREVWUXFWLYH FDUGLRP\RSDWK\ +1&0ZDV GHWHFWHG  SWV 



















































QR( S /(( YVQR( S DQG/(16( YV















0HWKRGV DQG0DWHULDOV  WUDQVIXVLRQGHSHQGHQW SDWLHQWV XQGHUZHQW05,
6HJPHQWDODQGJOREDOFDUGLDF7YDOXHVZHUHFDOFXODWHGDIWHUGHYHORSLQJDFRU
6FLHQWLILF6HVVLRQ






3XUSRVH7R LQYHVWLJDWH WKHSURJQRVWLFYDOXHRI/*(&05 WKURXJKRXW WKHDV
VRFLDWLRQ EHWZHHQ/*(H[WHQVLRQDQG WKHRFFXUUHQFHRI VXVWDLQHG YHQWULFXODU











































































































0HWKRGVDQG0DWHULDOV  SWVZLWK UHFXUUHQW97 XQGHUZHQW VOLFH0'&7
EHIRUH($0DQG5)DLQFOXGLQJDQDQJLRJUDSKLFVFDQDQGDORZHQHUJ\N9

























































WKHWHHWK LQRUGHU WRGHFUHDVHSDWLHQWҋVGRVH)ROORZXSRIGRVHVZDVPDGH LQ
RUGHUWRÀQGRXWKRZSHUPDQHQWLVWKHPDQQHURIGHQWLVWVWRDVNSDUWLDO237*








5HVXOWV$IWHUPHHWLQJ WKH GHQWLVWV VWDUWHG WRZULWH EHWWHU UHIHUUDOVZLWK FOHDU
LQGLFDWLRQVDQGGHWDLOHGLQIRUPDWLRQ2QWKHEDVLVRIWKLVLQIRUPDWLRQUDGLRJUDSKHU
WDNHVZKROHRUSDUWLDOPDQGLEOHDQGVHWWKHN9DQGP$DFFRUGLQJWRWKHUHTXLUHG











'LJLWDO LPDJLQJ DSSOLFDWLRQV KDYH EHHQ LQFUHDVLQJ UDSLGO\ LQ WKH SDVW \HDUV










































































































































































































KHLJKW ,Q WKHFRURQDOSODQH WKHVFDWWHUHGUDGLDWLRQVLJQLÀFDQWO\ LQFUHDVHVZLWK





































































































































































































5HVXOWV/RFDOKHOLFDOÁRZLQ WKH$$RZDVVLJQLÀFDQWO\S LQFUHDVHG LQ
0)6SDWLHQWVDQGZDVDVVRFLDWHGZLWKDRUWLFVLQXVGLODWDWLRQ7KH LQFLGHQFHRI
JOREDODQGYRUWH[ÁRZLQWKH'$RZDVLQFUHDVHGLQSDWLHQWVDQGFRP
SDUHG WRYROXQWHHUV QRQHDQG ,QWHUREVHUYHUDJUHHPHQWZDVVXEVWDQWLDO





















































































05PDPPRJUDSK\ 050 LV VWLOO QRWZHOO XQGHUVWRRGDQG UHPDLQV GLVFXVVHG
















5HVXOWV SDWLHQWVZHUH LQFOXGHG 625KLVWRORJ\625IROORZXS
3UHWHVWSUREDELOLW\ZDV0DLQ LQGLFDWLRQ IRU LQLWLDO050ZDV VFUHHQLQJ IRU





























5HVXOWV7KHUHZHUH QRGDOSRVLWLYH DQGQRGDOQHJDWLYH FDQFHUV%/5$
LGHQWLÀHG&$'SDUDPHWHUVDVVLJQLÀFDQWLQGHSHQGHQWSUHGLFWRUVIRUWKHSUHGLF
WLRQ RI O\PSKQRGHPHWDVWDVLV 3 0XOWLYDULDWH DQDO\VLV UHDFKHGKLJK
DFFXUDF\$8&VWDQGDUGHUURUDQGPRGHUDWHPRGHOÀWUWR
SUHGLFWQRGDOSRVLWLYHFDQFHUV
&RQFOXVLRQ&$'[EDVHG LQWHUSUHWDWLRQ RI05PDPPRJUDSK\ LV D VLJQLÀFDQW
























DSLFDOS PLGGOHS ORZS 6LJQLÀFDQWGLIIHUHQFHVEHWZHHQ
XSSHUPLGGOHDQGORZHUOXQJUHJLRQVRIWKHVDPHVLGHFRXOGQRWEHGHWHFWHG








































































































XVHGDV WUDLQLQJGDWD)RU HYDOXDWLRQRI WKHDXWRPDWHGEUDQFKQDPH ODEHOOLQJ
V\VWHPQHZH[WHUQDOFDVHVRI0'&7GDWDZHUHXVHG
5HVXOWV,QYLUWXDOEURQFKRVFRS\EURQFKLDOQDPHVZHUHDXWRPDWLFDOO\RYHUODLGRQ
QDYLJDWLRQ LPDJHV%URQFKLDOQDPHVVHTXHQWLDOO\DSSHDUHG IURP WUDFKHDPDLQ
EURQFKLOREDUEURQFKLWRVHJPHQWDOEURQFKL1DPHVRIVXEVHJPHQWDOEURQFKLZHUH
DOVRVKRZQIUHTXHQWO\DQGVXEVXEVHJPHQWDOEURQFKLZHUHVKRZQLQVRPHFDVHV















EHQLJQDQF\ EHQLJQPDOLJQDQWGHQVLW\ K\SRGHQVHK\SHUGHQVHRU OHVLRQ W\SH
F\VWKDHPDQJLRPDPHWDVWDVLVFDQEHUHWULHYHGIURPMXVWDUHJLRQRILQWHUHVWDV
































































































RQD3KLOLSV%ULOOLDQFH L&7DQG UHFRQVWUXFWHGXVLQJ FRQYHQWLRQDO )%3DQG ,5
















6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
6FLHQWLILF6HVVLRQ
$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
6XQGD\0DUFK
6FLHQWLILF6HVVLRQ

















































5HVXOWV 6%5DQG$'&RI EHQLJQ DQGPDOLJQDQW WLVVXH GLIIHUHG VLJQLÀFDQWO\
SZLWK$'&EHLQJWKHEHVWGLVFULPLQDWRUIRUO\PSKQRGHVQ V 
VS  DFF   DQG6%5 IRU ERQH DQG VRIW WLVVXH ERQH Q  V 
VS DFF VRIW WLVVXHQ V VS DFF 3(7&7
DQG:%':,VKRZHGJRRGWRH[FHOOHQWDJUHHPHQW"O\PSKQRGHV "ERQH 











3XUSRVH7RHYDOXDWH WKH IHDVLELOLW\DQG WKHSRWHQWLDO RIZKROHERG\PDJQHWLF
















HQKDQFHG IDWVXSSUHVVHGVSLQHFKRPDJQHWLF UHVRQDQFH 05VHTXHQFHVDQG
':,%6IRUGHSLFWLRQRIERQHPDUURZDEQRUPDOLWLHVLQSDWLHQWVZLWKP\HORPD
0HWKRGVDQG0DWHULDOV2QHKXQGUHGDQG WKLUW\ÀYHSDWLHQWVZLWK SUHYLRXVO\
GLDJQRVHG00XQGHUZHQW 7:%05, IRU SUHWUHDWPHQW VWDJLQJPRUSKRORJL




5HVXOWV5HJDUGLQJ YROXPHRI ERQHPDUURZ DEQRUPDOLWLHV D ORZ FRUUHODWLRQ


































&RQFOXVLRQ:%05, HQDEOHV UHVSRQVH DVVHVVPHQW LQ SDWLHQWVZLWKPXOWLSOH
























































































&RQFOXVLRQ:%05,ZDV IHDVLEOH LQ WKH IROORZXS RI SDWLHQWVZLWK VWDJH ,,,







































































5HVXOWV$OO SDWLHQWVZHUH SHUIRUPHG WHFKQLFDOO\ZLWK WKH WRWDO H[SRVHG GRVH
RI P*\7KH EORRG ÁRZV LQ HDFK XSSHUPLGGOH ORZHU DQG VXESKUHQLF








































































































5HVXOWV6XERSWLPDOFRQWUDVWHQKDQFHPHQWZDV IRXQG LQRI WKHGHHSO\
LQVSLUHGJURXSDQGRI WKHDWHDVHJURXS+8VUDQJHGIURPWRLQ
GLIIHUHQWSDUWRI3$VLQWKHLQVSLUHGJURXSDQGWRLQWKHDWHDVHJURXS


























































































































































































Q LQ$Q LQ%Q LQ&S 6SOHQHFWRP\ZDVUHTXLUHGLQRISD
WLHQWVRQO\LQJURXS%Q ZLWKRXWDQ\VWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQFHS 
7ZHQW\QLQHFRPSOLFDWLRQVDIWHUHPEROLVDWLRQZHUHREVHUYHGLQRISDWLHQWV
Q LQJURXS$Q LQJURXS%Q DQGLQJURXS&Q ZLWKRXW
DQ\VWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQFHS 













W\SHSRO\XUHWKDQH VWHQW XQGHU ÁXRURVFRSLF JXLGDQFHDIWHU GDFU\RF\VWRJUDSK\
DVDWUHDWPHQWIRUREVWUXFWLRQVRIWKHQDVRODFULPDOV\VWHP7KHDHWLRORJ\RIWKH
REVWUXFWLRQZDVFKURQLFLQIHFWLRQFKURQLFGDFU\RF\VWLWLVLQDOOFDVHV





















5HVXOWV +8PHDVXUHPHQWV UHYHDOHG KLJK LQWUD DQG LQWHUUDWHU UHOLDELOLW\
,&&!DQG,&&!UHVSHFWLYHO\&DOFXODWHGPHDQ+8YDOXHVVKRZHG
DPRGHUDWHFRUUHODWLRQZLWKVHUXPKDHPRJORELQOHYHOVU ZKLFKDOORZHG






















UHHPEROLVDWLRQ7KHSXUSRVHRI WKH VWXG\ZDV WR GHWHUPLQH IDFWRUV SUHGLFWLQJ

















































































































































































































































3XUSRVH7R UHWURVSHFWLYHO\ HYDOXDWH UDGLRORJLFDOO\ SODFHG WRWDOO\ LPSODQWDEOH
FHQWUDO YHQRXVDUPSRUWV 7&9$3 LQ WHUPVRI VDIHW\ WHFKQLFDO IHDVLELOLW\ DQG
GHYLFHUHODWHGFRPSOLFDWLRQV
0HWKRGVDQG0DWHULDOVFRQVHFXWLYHSDWLHQWVPHDQDJH\HDUVUDQJH
 \HDUVPDOHIHPDOH UDWLR ZKR UHFHLYHGD7&9$3EHWZHHQ




%ORRPLQJWRQ86$ Q ZHUHXVHG1RDQWLELRWLF SURSK\OD[LVRU ORQJWHUP
DQWLFRDJXODQWPHGLFDWLRQVZHUHURXWLQHO\DGPLQLVWHUHG
















































































































































DVVHVVPHQW E\PHDQV RI5(&,67 FULWHULD KDV EHHQ VKRZQ WR SURYLGH OLPLWHG






FOLQLFDO VHTXHQFHV D WUDQVYHUVDO(3,':, VHTXHQFHZDV FROOHFWHG6HTXHQFH




















































































































































































































































































































































































IHUHQFH LQу9EHWZHHQ WKH WZRJURXSVZDVQRWVWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQW










































































LQFOXGHG LQ WKLV ,5%DSSURYHG VWXG\)RU 1DLPDJLQJD 'GHQVLW\ DGDSWHG
UDGLDO *5(VHTXHQFH 7( PV 75 PV SURMHFWLRQV  VSDWLDO
UHVROXWLRQ [[PPZDV XVHG DW 7 7LP7ULR0DJQHWRP6LHPHQV LQ








































SURJUHVVLRQ S 0XOWLYDULDEOH DQDO\VLV GHPRQVWUDWHG WKDWZKHQ WXPRXU
VL]HQHFURVLVUHWURSHULWRQHDOFROODWHUDOVDQGUHQDOYHLQWKURPERVLVZHUHDQDO\VHG
WRJHWKHUQHFURVLVZDVWKHRQO\IHDWXUHWKDWUHPDLQHGVWDWLVWLFDOO\DVVRFLDWHGZLWK
GLVHDVHSURJUHVVLRQ S  DGMXVWHGRGGV UDWLR &,   IRU







































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
765ZHUHFDOFXODWHG7ZRH[SHULHQFHGUDGLRORJLVWVYLVXDOO\DVVHVVHGSUHVHQFH
DQGGLVWULEXWLRQRIODWHHQKDQFHPHQWLQFHQWUDODUHDVPHGLDQPQ6'


























































































































































































































































































SUREHV6SHFLPHQ UDGLRJUDSKVZHUHREWDLQHG IRU WKHGHWHFWLRQRISUHVHQWDEOH
PLFURFDOFLÀFDWLRQV
5HVXOWV,QZRPHQZLWKDPHDQDJHRI6'\HDUVZHLGHQWLÀHG




























5HVXOWV 6LJQLÀFDQWO\PRUH VPDOOPRGHUDWH EOHHGLQJVSRVWLQWHUYHQWLRQDO KDH
PDWRPDVIRUJDXJH0DPPRWRPH5V\VWHPYVJDXJH0DPPRWRPH5V\VWHP
YV  S  S  QR VLJQLÀFDQWGLIIHUHQFHV IRU WKH$7(&
V\VWHPV YVS S JDXJH0DPPRWRPH5V\VWHP
YV$7(&5JDXJHV\VWHP UHYHDOHG VLJQLÀFDQWO\ OHVVEOHHGLQJVKDHPDWRPDV
YVS S QRVLJQLÀFDQWGLIIHUHQFHVIRUWKHODUJHV\VWHPV
S S )ROORZXSRI0DPPRWRPH5JDXJHV\VWHPV\VWHPKDV

































 LQ WKH53'JURXS LQ WKH35JURXS LQ WKH)(/
JURXSDQGLQWKH33JURXS6LJQLÀFDQWGLIIHUHQFHZDVIRXQGEHWZHHQ





























































VWXG\QRUPDOKLODUYDVFXODULW\ZDVVHHQ LQ RI WKH WXEHUFXORXV O\PSK
QRGHVDQGRIWKH.LNXFKLO\PSKQRGHV
&RQFOXVLRQ*URVV QHFURVLV FRQJORPHUDWLRQ DQGQRUPDO KLODU YDVFXODULW\ RQ

























































0HWKRGV DQG0DWHULDOV 6:(ZDV SHUIRUPHG LQ  FHUYLFDO O\PSK QRGHV






















































































3XUSRVH 7R LPSURYH GHWHFWLRQ DQG HYDOXDWLRQ RI HQGRO\PSKDWLF K\GURSV LQ





















































ELH[SRQHQWLDO ,9,0 DQG WKH K\SRWKHVLVHG WULH[SRQHQWLDOPRGHO7KLVPRGHO
H[WUDFWV WKUHHSDUDPHWHUV IDVWSHUIXVLRQIUDFWLRQ IIDVWVORZSHUIXVLRQIUDFWLRQ
































































YV 05  QRGXOHV IRU ERWK UHDGHUV LVRYDVFXODULW\ IROORZHG E\
K\SRYDVFXODULW\UHDGHUYV&(86 YV&7 YV















































































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
5HVXOWV+&&VKRZHGDVLJQLÀFDQWKLJKHUIUHTXHQF\DOOSRID7K\SRLQ
WHQVLW\YVE7K\SHULQWHQVLW\YVFSUHVHQFHRI

























)$ )29[FPPDWUL[ [VOLFH WKLFNQHVVPPHDFKVHTXHQFH



















3XUSRVH7R FRPSDUH LQWUDSDWLHQW D VLQJOHHQHUJ\ ORZYROWDJH DUWHULDO SKDVH
SURWRFRODQGDNYSURWRFROIRUGHWHFWLQJK\SHUYDVFXODUIRFDOOLYHUOHVLRQVK)//














































































ZKRXQGHUZHQWOLYHUUHVHFWLRQIRU+&&Q +$Q DQG)1+Q ZHUH
LQFOXGHG LQ WKLV LQWHUQDWLRQDOPXOWLFHQWUH VWXG\ 3UHRSHUDWLYH OLYHU05,ZDV
DQDO\VHGE\ WZR LQGHSHQGHQW UDGLRORJLVWV IRU WKH IROORZLQJ ,PDJLQJ)LQGLQJV




















































WLVVXH ÀEURVLV ,W KDV EHHQ VXJJHVWHG WKDW JDGROLQLXPEDVHG FRQWUDVW DJHQWV



















&RQFOXVLRQ 7KH XVH RI D  N9S DUWHULDO SKDVH SURWRFRO IRU DEGRPLQDO&7









































+&&Q FRORUHFWDOOLYHUPHWDVWDVLVQ &&&Q RURWKHUPDOLJQOLYHU
OHVLRQVQ 3UHRSHUDWLYH&(&7Q &(05,Q RU3(7&7Q FRQ
ÀUPHGKHSDWLF WXPRXUPDQLIHVWDWLRQ%HIRUHXQGHUJRLQJVXUJHU\ LQWUDRSHUDWLYH
FRQYHQWLRQDO ,286DVZHOODV&(,286ZHUHSHUIRUPHGE\RQHH[SHULHQFHG














































HXWKDQLVHGDW  KRXUV NLGQH\VZHUH UHPRYHGDQG VHFWLRQHG IRU KLVWRORJLFDO
H[DPLQDWLRQZLWKKDHPDWR[\OLQDQGHRVLQVWDLQLQJ
5HVXOWV7KLUW\WKUHHVXEMHFWVZHUHDVVLJQHGLQHLWKHUJURXS3Q NJ
RUJURXS& Q NJ$WKRXUV&,1ZDVGHWHFWHG LQDVWDWLVWLFDOO\






















RI WRWDO*GFRQFHQWUDWLRQ LQ YDULRXV WLVVXHV ,&3PDVVVSHFWURPHWU\ IROORZXS





























































































































































































































PHDVXUHG WKHGLDPHWHU UHGXFWLRQZLWKRXW XVLQJDXWRPDWHG VHJPHQWDWLRQ7KH
UHVXOWVZHUHWKHQFRUUHODWHGZLWKWKHUHVXOWVIURP&(5FRPELQHGZLWK&WHVWXVLQJ
UHFHLYHURSHUDWLQJFKDUDFWHULVWLFV52&DQDO\VLV























PHDVXUHV UHQDO SHDN V\VWROLF YHORFLW\5369DQGHQGGLDVWROLF YHORFLW\('9
GHWHUPLQHGLQWKHSUR[LPDODQGPLGGOHVHJPHQWVRIWKHPDLQUHQDODUWHU\ZHUH





















































































5HVXOWV ,QWUDREVHUYHU DQG LQWHUREVHUYHU DJUHHPHQWZHUH VXEVWDQWLDO IRU VWH
QRVLV DVVHVVPHQW7KH VHQVLWLYLW\ VSHFLÀFLW\ DFFXUDF\339DQG139YDOXHV







































&RQFOXVLRQ$EGRPLQDOVSLUDO&7 LVXVHIXO LQGHWHFWLQJ WKH OHIW UHQDOYHLQYDUL

























SDUWLFLSDWLQJ7KH WUDLQLQJ VXUYH\ UHYHDOHG RI UDGLRJUDSKHUV DQG 


































































IRUHDFKDUWHU\XVLQJDSRLQWVFRUH QRUPDO VWHQRVLV VWHQRVLV














































































ZDV DVNHG WR UHFRUG&7GRVH GDWD '/3&7',YRO WXEH YROWDJH DQG FXUUHQW
SURVSHFWLYHO\ RQDQRQ\PLVHGDGXOW SDWLHQWVRI DYHUDJH VL]H NJ
SUHVHQWLQJIRUHLJKWFRPPRQ&7H[DPLQDWLRQV0HDQUHVXOWVIURPHDFKVLWHZHUH
SRROHGDQGWKHWKSHUFHQWLOHZDVXVHGWRVHW'5/VXVLQJERWK&7',YRODQG'/3
&RQFOXVLRQ2QWKHMREGRVLPHWU\ WUDLQLQJDQG UHMHFW DQDO\VLVPD\ FRQWULEXWH






















SDWLHQWVDERXWPDPPRJUDSK\VFUHHQLQJ7KH UHVSRQVHDW WKHPHHWLQJV LQ WKH


















































































5HVXOWV 7KH SDUDPHWHUVZKLFKZHUH FDSDEOH RI GLVWLQJXLVKLQJ EHWZHHQ WKH
ORZDQGKLJKJUDGHJOLRPDVZHUH U&%9 LQ&( FXWRII! VHQVLELOLW\ 
VSHFLÀFLW\ $8&  S 7 FXWRII!  VHQVLELOLW\ 
VSHFLÀFLW\ $8&  S '5 FXWRII!  VHQVLELOLW\ 
VSHFLÀFLW\ $8& S &KR&U LQ7 FXWRII!VHQVLELO
LW\  VSHFLÀFLW\ $8&  S &KR&U LQ'5 FXWRII! 
VHQVLELOLW\ VSHFLÀFLW\ $8& S $VWDWLVWLFDOO\VLJQLÀFDQW
GLIIHUHQFHLQU&%9ZDVQRWREVHUYHGEHWZHHQJUDGHV,,2'*DQG:+2JUDGH,,,
JOLRPDVRUEHWZHHQJUDGH,,2'*DQGJUDGH,,,DVWURF\WRPDV&KR&ULQ&(ZDV























































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\





















PV PV7KHEROXVDUULYDO WLPH UHÁHFWLQJ WKHPD[LPXPRI WXPRXU

















3XUSRVH7R FRPSDUH SHUIRUPDQFHEHWZHHQ3(7&7DQG UHFHQWO\ LQWURGXFHG
ZKROHERG\053(7FRQFHUQLQJHYDOXDWLRQRIEUDLQWXPRXUV























































































S 7FXWRII!VHQVLELOLW\ VSHFLÀFLW\ $8& S 
DQG7FXWRII!  VHQVLELOLW\  VSHFLÀFLW\ $8&  S 
&KR&U LQ7 FXWRII!  VHQVLELOLW\  VSHFLÀFLW\ $8& 
S  DQG/LS&U LQ&( FXWRII VHQVLELOLW\  VSHFLÀFLW\ 
6FLHQWLILF6HVVLRQ


















3XUSRVH7R HVWLPDWH WKH DVVRFLDWLRQ DPRQJ WKH SUHVHQFH RI VXEHSHQG\PDO































































FRQVLVWHGRI D76:, D)/$,5VHTXHQFH QRQHQKDQFHG7ZDQG FRQWUDVW

























6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
6FLHQWLILF6HVVLRQ
$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
0RQGD\0RQGD\0DUFK
6FLHQWLILF6HVVLRQ






































V\VWHP 0DJQHWRP76LHPHQV XWLOLVLQJ D FKDQQHO KHDG FRLO 1RYD )RU









PHGLDDOORZHGRQO\ IRUDPLOG LPSURYHPHQWRI WKHGHOLQHDWLRQRIFHQWUDOYHVVHO






























































DIWHUHQGRYDVFXODU WUHDWPHQW LVVWLOOEHLQJGLVFXVVHG7KHSXUSRVHRI WKHVWXG\
ZDVDSURVSHFWLYHFRPSDULVRQRIWKHGLDJQRVWLFSHUIRUPDQFHRIGLJLWDOVXEWUDFWHG
























































































































































GLIIHUHQW WKURPEXV FRPSRVLWLRQ7KH SUHGLFWLYH YDOXH RI WKURPEXV GHQVLW\ IRU
UHFDQDOLVDWLRQUDWHVKRXOGEHIXUWKHULQYHVWLJDWHG
6FLHQWLILF6HVVLRQ




































































































































































































































































FRPSRVLWLRQ DVZHOO DV DQDWRPLF FKDQJH LQ WKH SRVWWUHDWPHQW HYDOXDWLRQ IRU
SDWLHQWVZLWKOXQJFDQFHU
6FLHQWLILF6HVVLRQ




















Q 6'LQQ 3'LQQ DQGRISDWLHQWVZLWKXQGHUO\LQJ
KHSDWLWLV%+%9Q 35LQQ 6'LQQ 3'LQ
Q ,QSDWLHQWVZLWKERWK+&9DQG+%9Q ORFDOUHVSRQVHVKRZHG35LQ
Q 6'LQQ 3DWLHQWVZLWKKDHPRFKURPDWRVLVQ VKRZHG35LQ
Q 6'LQQ 3'LQQ DQGSDWLHQWVZLWKQXWULWLYHWR[LFOLYHU
FLUUKRVLVQ 35LQQ 6'LQQ 3'LQQ 
&RQFOXVLRQ7KHQHZ7$&(SURWRFRO\LHOGVUHVSHFWDEOHUHVSRQVHUDWHVLQSDWLHQWV



























&RQFOXVLRQ&RPELQDWLRQ RI$V2DQG URXWLQH FKHPRWKHUDSHXWLF GUXJV FDQ
























GLDPHWHU DQG YROXPHRIPHWDVWDVHV DQG QHFURVLV OREXODU VSUHDG QXPEHU RI
WUHDWPHQW VHVVLRQV SHUIRUPDQFH RI DGMXYDQW FKHPRWKHUDS\ DQG WUDQVDUWHULDO























































































































































FKHPRHPEROLVDWLRQ&RQWUDVW HQKDQFHPHQW DSSHDULQJZLWKLQ WKH WXPRXUZDV







































































3XUSRVH ,QFUHDVHGWLELDO WXEHURVLW\WURFKOHDUJURRYH777*GLVWDQFH OHDGVWR























































































&RQFOXVLRQ '+$PHDVXUHPHQWV EDVHG RQ ELSODQDU [UD\V DUH IDVW DQG


















0HWKRGV DQG0DWHULDOV )URP -DQXDU\ WR -XO\  D VDJLWWDO LVRWURSLF IDW







































5HVXOWV6LJQDO YRLGDURXQG WKHSURVWKHVLVKHDGZDVVPDOOHU IRU67,5:$53



































5HVXOWV0HDQDOSKDDQJOHVZHUHKLJKHVW LQ WKHDQWHURVXSHULRU VHJPHQWZLWK























































05 LPDJLQJ ':05, DQG *D'27$72&3(7DUHSRWHQWLDO VXUURJDWHEL
RPDUNHUVIRUSURYLGLQJHDUOLHULQIRUPDWLRQDERXWDSRVVLEOHWUHDWPHQWUHVSRQVHWR
LQWUDDUWHULDO'27$72&WKHUDS\
0HWKRGVDQG0DWHULDOV ,Q  FRQVHFXWLYH SDWLHQWVZLWK  OLYHUPHWDVWDVHV









VL]H LQ UHVSRQGLQJ OHVLRQV 5/Q DQGQRQUHVSRQGLQJ OHVLRQV 15/Q 





























SDWLHQWV Q   GHWHFWHGZLWK053(7 RU 3(7&7$QDWRPLFDO DOORFDWLRQ RI













































































$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
0RQGD\
5HVXOWV$WRWDORI3(7SRVLWLYHOHVLRQVZHUHHYDOXDWHGLQWKHOLYHUQ 
ERQHQ O\PSKQRGHVQ OXQJQ *,WUDFWQ VRIWWLVVXHVQ 
SOHXUDQ DGUHQDOJODQGVQ SDQFUHDVQ VSOHHQQ SHULWRQHXPQ 
FKHVWZDOOQ DQGEUHDVWQ /HVLRQVZHUHFKDUDFWHULVHGDQGJUDGHGEDVHGRQ
FRQVSLFXLW\LQ&7DQG05ZLWKJRRGѣ DQGPRGHUDWHѣ LQWHUREVHUYHU




















































































































































































IUHHSUHFHVVLRQ 66)3DQJLRJUDSK\ 1&(05$ VHTXHQFHDQGZLWK FRQWUDVW
HQKDQFHGPDJQHWLFUHVRQDQFHDQJLRJUDSK\&(05$VHTXHQFHVLQWKHDUWHULDO



























































5HVXOWV$OO UHOHYDQW OHVLRQVZHUH LGHQWLÀDEOHDWERWKDFTXLVLWLRQ WLPHV ,PDJH




















5HVXOWV5HQDO SDUHQFK\PDO EORRG ÁRZYDOXHVZHUH VXEVWDQWLDOO\ ORZHU LQ DO












WR VWUDWLI\ SDWLHQWV IRU ELRSV\ %, RU IROORZXS )8EDVHGRQ YDULRXVGLIIXVLRQ
SDUDPHWHUV












LQFOXGHGFHOOXODUUHMHFWLRQQ KXPRUDOUHMHFWLRQQ JORPHUXORQHSKULWLVQ 
,*$QHSKURSDWK\Q %.YLUXVQHSKURSDWK\Q DFXWHWXEXODUQHFURVLVQ 
F\FORVSRULQHWR[LFLW\Q DQGFKURQLFDOORJUDIWQHSKURSDWK\Q ZKHUHDVÀQG














































5HVXOWV0HDQ )$ RI WKH UHQDOPHGXOODZDV VLJQLÀFDQWO\ KLJKHU LQ JURXS D
DVFRPSDUHGWRJURXSE)XUWKHUPRUHPHDQ$'&YDOXHV
RIWKHUHQDOFRUWH[DQGPHGXOODZHUHVLJQLÀFDQWO\KLJKHULQJURXSD












3XUSRVH7R HYDOXDWH LI':,UHODWHG SDUDPHWHUV REWDLQHG E\PRQR DQG EL
























%LH[SRQHQWLDO DQDO\VLV LV IHDVLEOH DQG XVHIXO WR FRQÀUP WKH UHVXOWV RIPRQR





































































































































































SHUIRUPHG WRREWDLQ LPDJHVD[LDOO\XVLQJEYDOXHV VPP$FLUFXODU









































































0HWKRGVDQG0DWHULDOV+LJKUHVROXWLRQ'&(DQG'7, EUHDVW GDWDVHWV RI 
SDWLHQWVZLWK EUHDVWPDOLJQDQFLHV  ,'&  ,/&DQG'&,6 FRQÀUPHGE\


























ZLWKKLVWRORJLFDOO\ SURYHQEUHDVW FDQFHUXQGHUZHQW FRQYHQWLRQDO LQFOXGLQJ7






6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\




SRVWSURFHVVHGE\ WZR LQGHSHQGHQW REVHUYHUV 22 XVLQJ058, VRIWZDUH
)RU&KROLQHZDWHUTXDQWLÀFDWLRQWKH$0$5(6DOJRULWKPZDVDSSOLHG6WDWLVWLFDO










































































5HVXOWV FDVHV RI FDVHVZHUHPDOLJQDQW EDVHGRQ WKHSUHVHQFHRI
KLJKFKROLQHSHDNLQWKHVSHFWUXPDQGFDVHVZHUHEHQLJQQRFKROLQH
SHDN0DOLJQDQWFDVHVZHUH'&,6,'&PHGXOODU\FROORLGDQGOREXODUFDUFLQRPDV



























































3XUSRVH7R SURVSHFWLYHO\ HYDOXDWH LPDJHTXDOLW\ RI GRVHUHGXFHG&7RI WKH
SDUDQDVDO VLQXV XVLQJ RUJDQVSHFLÀF GRVH UHGXFWLRQ ;&$5( DQG LWHUDWLYH
UHFRQVWUXFWLRQWHFKQLTXH,5,6
























































































OHVVVHQVLWLYLW\ ,QDOOSDWLHQWV&(86 LQGLFDWHGDFRUUHFWVLGH ORFDOL]DWLRQRI WKH
K\SHUIXQFWLRQLQJSDUDWK\URLGJODQG7KHDGYDQWDJHRI&(86ZDVWKHGHWHFWLRQ






































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
5HVXOWV 3DWLHQWV KDG7 7*DG$'&6,5V KLJKHU WKDQ KHDOWK\ VXEMHFWV
SZLWKVLJQLÀFDQWVLJQDOGHFUHDVHIURPDFWLYHLQDFWLYHGLVHDVHWRKHDOWK\



































































































































































)ROORZLQJPHDQ7 WLPHVZHUH FDOFXODWHG F\VWV PV KDHPDQJLRPDV


























WR LGHQWLI\ WKHEHVW VHWRI'Z,UHODWHGSDUDPHWHUV LQGLVWLQJXLVKLQJEHQLJQDQG
PDOLJQDQW)OOVVLJQLÀFDQFHWKUHVKROGS 
















































































DQDO\VLVZDV SHUIRUPHG WR GHWHUPLQH WKH VHQVLWLYLW\ DQG WR HVWDEOLVK DQ$'&
WKUHVKROGIRUPDOLJQDQF\




















PHQ ZRPHQ DJH a \HDUVZLWK H[WUDKHSDWLFPDOLJQDQW WXPRXUV DQG
OLYHUPHWDVWDVLV KDYHXQGHUJRQH OLYHU05,7KUHH UDGLRORJLVWV EOLQG WR SULPDU\













































































&RUUHVSRQGLQJ)//V LQFOXGHGKHSDWRFHOOXODU FDUFLQRPD Q PHWDVWDVHV






































&RQFOXVLRQ7KH SUHGLFWLYH YDOXH RI FDUGLDF&7$ ÀQGLQJV LV JHQGHUVSHFLÀF















WRPRJUDSK\ FRURQDU\ DQJLRJUDSK\ &&7 HYLGHQFHRI FRURQDU\ DUWHU\ GLVHDVH
&$'ZLWKIRFXVRQWKHSUHVHQFHDQGVHYHULW\RIOHIWPDLQ/0GLVHDVH
0HWKRGVDQG0DWHULDOV$WRWDORISDWLHQWVPHQDJH\HDUV
ZLWKRXW NQRZQKLVWRU\ RI&$' IURPDQ ,QWHUQDWLRQDOPXOWLFHQWUH&&7 UHJLVWU\
&21),505HJLVWU\PHW WKH LQFOXVLRQFULWHULD WRWDOGDWDEDVHSDWLHQWV
FRURQDU\DUWHU\VHJPHQWVDQDO\VLVZHUHSHUIRUPHG&R[SURSRUWLRQDOKD]DUG







































































! N3D DQG':, FXWRII   [ PPVZHUH 
S DQG S UHVSHFWLYHO\ IRU GLIIHUHQWLDWLQJ
PDOLJQDQWDQGEHQLJQOHVLRQV7KHDFFXUDF\RI05(ZDVVLJQLÀFDQWO\EHWWHUWKDQ
':, S 7KHUHZDV D QHJDWLYH FRUUHODWLRQ EHWZHHQ VWLIIQHVV DQG$'&
YDOXHVU S,QWHUHVWLQJO\DFRUUHODWLRQEHWZHHQVL]HDQGVWLIIQHVV
RIOHVLRQVU SZDVVHHQ




























































VLQXV+LJK ULVNDQDWRP\YDULDQWV LQFOXGH LQWHUDUWHULDO FRXUVH QDUURZHGVOLWOLNH
RULÀFHDFXWHDQJOHRIWDNHRIILQWUDPXUDOFRXUVHDQGK\SRSODVLD
0HWKRGVDQG0DWHULDOVSDWLHQWVZKRZHUHVFKHGXOHGIRUVOLFHRUGXDO
























LQ FOLQLFDO FDUGLRORJ\:HHYDOXDWHG LQGLFDWLRQV VDIHW\ DQG LPSDFW RQ SDWLHQW
PDQDJHPHQWRIURXWLQH&&7LQDPXOWLFHQWUHQDWLRQDOUHJLVWU\


























































































3XUSRVH7RDVFHUWDLQ FOLQLFLDQVҋ NQRZOHGJHRI WKHLU SDWLHQWVZKHQ UHTXHVWLQJ
UDGLRORJLFDOLQYHVWLJDWLRQVDVUHTXLUHGOHJDOO\E\JRYHUQPHQWOHJLVODWLRQ´,RQLVLQJ





























































































































































6SHHG:LVFRQVLQ86$DQGVXUJHU\ZHUH LQFOXGHG LQ WKHVWXG\7KH UHSRUWV















































XQQHFHVVDU\&;5VZKLFK FRQWULEXWHGQRQHZ LQIRUPDWLRQ WRZDUGV WUHDWLQJ WKH
SDWLHQW ,Q IDFW LIQRROG UDGLRORJ\ UHFRUGVZHUHDYDLODEOH WKLVFRXOGKDYHEHHQ
PLVOHDGLQJDVRIKDGDEQRUPDOÀQGLQJVRIZKLFKQRQHZHUHQHZ
&RQFOXVLRQ 9DVW URRP WR UHGXFHXQQHFHVVDU\&;5VEHLQJ RUGHUHG6WULFWHU
DGKHUHQFHWRWKH5&5JXLGHOLQHV/LPLWLQJWKH&;5UHTXHVWVLQWKHSUHVHQFHRI















































































































































































DQHXU\VPV (9$57KLVPHWKRG FDQEHXVHIXO IRU EHWWHU GHSLFWLQJHQGROHDNV
IHDWXUHVWKDWPD\QRWEHVHHQDW0'&7$H[DP
6FLHQWLILF6HVVLRQ






























GXDO VRXUFH&7 '6&7 ,PDJHGDWDZHUH UHFRQVWUXFWHGDW IXOOGRVHZLWK)%3
DQGDWKDOIGRVHZLWK6$),5(XVLQJFRUUHVSRQGLQJNHUQHOV+DOIGRVHGDWDZHUH
UHFRQVWUXFWHGXVLQJSURMHFWLRQGDWDIURPRQO\RQH'6&7WXEHGHWHFWRUFRQÀJXUD















































DQGGRVH OHQJWKSURGXFW '/3P*\FPYDOXHVXWLOLVLQJ ,P3$&7VRIWZDUH WKH


























IRVVD  OXQJ FDQFHU VWDJLQJUHVWDJLQJ  GHWHFWLRQFKDUDFWHULVDWLRQRI IRFDO
OLYHUOHVLRQVRUXUROLWKLDVLV)RUHDFKSDWLHQWWZRGDWDVHWVDUHDFTXLUHGRQWKH
'LVFRYHU\&7+'*(+HDOWKFDUHWULDOVSRQVRUVWDQGDUGRIFDUHUDGLDWLRQ










































FRQWDLQLQJK\SHUYDVFXODU OLYHU OHVLRQVRIYDULRXVVL]HV ,PDJLQJZDVSHUIRUPHG



















































&RQFOXVLRQ2XU UHVXOWV VXJJHVW'1$GDPDJHPD\ EH UHSDLUHG E\ GLIIHUHQW
PHFKDQLVPV LQDGRVHGHSHQGHQWPDQQHU7KLVDOWHUHGNLQHWLF UHVSRQVHFRXOG

















VFDQV'RVHVZHUH WDOOLHG LQ WKUHHRUJDQV OLYHUNLGQH\VDQGVSOHHQ)RUHDFK




































































































































































YHUVXV UHVSHFWLYHO\5HJDUGLQJXUHWKUDO SDWKRORJ\ GHWHFWLRQ














05( LQ SDHGLDWULF LQÁDPPDWRU\ ERZHO GLVHDVH ,%' LQ GLDJQRVLQJ LQWHVWLQDO
6FLHQWLILF6HVVLRQ





















































&RQFOXVLRQ:KROHERG\':, VHTXHQFHVDUH WKHPRVW HIIHFWLYH IRU GHWHFWLQJ
KRWVSRWVLQPXOWLIRFDOSURFHVVZKLFKLVWKHQDWXUHRIVLFNOHFHOOGLVHDVH$OWKRXJK
























































 WKDQ LQ YROXQWHHUV  S  DQGSHUVLVWHGDW VHFRQG
PHDVXUHPHQWQ YVS :KHQFRPSDUHGWRYROXQ
WHHUVPPROO76&ZDVPDUNHGO\LQFUHDVHGLQ'0'PPROO
SDQG UHPDLQHGFRQVWDQW Q PPROO YV PPROO
S 2HGHPD  YV  S   DQGPXVFXODU IDW FRQWHQW
YVSZHUHHOHYDWHGLQ'0'PXVFOHVZKHQFRP








































































































































&RQFOXVLRQ ,Q VXPPDU\ZH IRXQG D ORZ UDWH RI FRORQLF SHUIRUDWLRQ 

















































UDQNPHWKRG DOO LPDJLQJSDUDPHWHUVZHUH FRUUHODWHGZLWK WXPRXUPLFURYHVVHO
GHQVLW\09'DQGH[SUHVVLRQRIYDVFXODUHQGRWKHOLDOJURZWKIDFWRU9(*)DQG
*OXWRQKLVWRORJLFDOH[DPLQDWLRQRIUHVHFWHGWXPRXUV























































































































PXOWLSOHP\HORPD DQG WZHQW\ SDWLHQWVZLWK FOLQLFDOO\ FRQÀUPHG LGLRSDWKLF RU
SRVWPHQRSDXVDORVWHRSRURVLVZHUHSURVSHFWLYHO\H[DPLQHGXVLQJD7HVOD05
VFDQQHU 0DJQHWRP6\PSKRQ\6LHPHQV(UODQJHQ*HUPDQ\':,DQG'&(
05,RI WKH OXPEDU VSLQHZHUHSHUIRUPHG LQDOO SDWLHQWV'&(05,SDUDPHWHUV
































































































UHPQDQW EHIRUHPDMRU VXUJHU\3XUSRVHZDV WKH HYDOXDWLRQ RI WKLV DSSURDFK
FRPSDUHGWRPDQXDOVHJPHQWDWLRQZLWK&7DVUHIHUHQFH
0HWKRGV DQG0DWHULDOV$ WRWDO RI  SDWLHQWV  JDVWURLQWHVWLQDO SULPDU\
PDOLJQDQFLHV  KHSDWLF SULPDU\ WXPRXUVZHUH H[DPLQHG EHIRUH VHOHFWLYH
























































RI  LQ WXPRUDO689PD[ DQG VHYHQSDWLHQWV  DVPHWDEROLF QRQ
UHVSRQGHUV LQFUHDVHRI LQ WXPRUDO689PD[$OOPHWDEROLF UHVSRQGHUV
VKRZHG7GRZQVWDJLQJZLWKSDUWLDOVXEWRWDODQGPLQLPDOWXPRXUUHJUHVVLRQ
$OOPHWDEROLFQRQUHVSRQGHUVGLGQRWVKRZ7GRZQVWDJLQJDQGWXPRXUUHJUHVVLRQ










3XUSRVH7R HYDOXDWH WKH XVHIXOQHVV RI GLIIXVLRQZHLJKWHG LPDJHVZLWK ERG\

































































































































































































3XUSRVH:LWK 705XQLWV7ZHLJKWHGJUDGLHQW HFKR VHTXHQFHV VXFKDV
)/$6+DUHRIWHQXVHGLQVWHDGRIVSLQHFKR6(VHTXHQFHVIRUEUDLQLPDJLQJGXH
WRZHOONQRZQGLVDGYDQWDJHVRI6(VHTXHQFHVDWWKLVÀHOGVWUHQJWK7KHSXUSRVH

































































3XUSRVH1HXURORJLFDO DQGVPHOOLQJGLVRUGHUV HJ$O]KHLPHUҋVGLVHDVH VLQR












LQ+LJKUHVROXWLRQ05, OD\HUV LQ OD\HUV LQVLJQLÀFDQWO\






































































JRDOZDV WRDQDO\VHZKHWKHU WKHFRPELQDWLRQRIHOHFWURGHVDOVR LQÁXHQFHV WKH
DEODWLRQYROXPHLIWKHDPRXQWRIDSSOLHGHQHUJ\LVNHSWFRQVWDQW

























































DQGSDWKRORJLFDOPHDVXUHPHQWVZLWK UHVSHFW WR WKH OHVLRQVҋ SULQFLSDO D[LV DQG
















0HWKRGVDQG0DWHULDOV SDWLHQWVZLWK KHSDWRFHOOXODU FDUFLQRPD Q 
KHSDWLFPHWDVWDVHV Q  RU FKRODQJLRFHOOXODU FDUFLQRPD Q ZHUH VWXGLHG
'XULQJKHSDWLFGLJLWDOVXEWUDFWLRQDQJLRJUDSK\DUWHULHVUHSUHVHQWLQJVKXQWVWR
H[WUDKHSDWLFWLVVXHZHUHFRLOHPEROLVHGULJKWJDVWULFDUWHU\Q IDOFLIRUPDUWHU\
Q   EUDQFKHV WR GXRGHQXPSDQFUHDV Q  6XEVHTXHQWO\7HFKQHFWLXP
PODEHOHGPDFURDJJUHJDWHGDOEXPLQP7F0$$ZDVLQMHFWHGDQGSDWLHQWV
XQGHUZHQW D63(&7&763(&7&7GDWDZHUHXVHG WR LGHQWLI\ DQ\DGGLWLRQDO
VKXQWWRH[WUDKHSDWLFWLVVXH
5HVXOWVSDWLHQWVH[KLELWHGDQXQH[SHFWHGLQFUHDVHG0$$XSWDNH
LQH[WUDKHSDWLFWLVVXHVPDOOERZHOQ DEGRPLQDOZDOOQ VWRPDFKQ 7KHVH
SDWLHQWVXQGHUZHQWUHSHDWHG'6$DQGFRUUHVSRQGLQJDUWHULHVFRXOGEHLGHQWLÀHG
DQGFRLOHPEROLVHGLQSDWLHQWV
&RQFOXVLRQ0RVW H[WUDKHSDWLF VKXQWV FDQEH LGHQWLÀHGRQ'6$SULRU WR<
WKHUDS\+RZHYHU63(&7&7GDWDKHOS WR LGHQWLI\DGGLWLRQDO VKXQWV WKDWZHUH
LQLWLDOO\QRWVHHQRQ'6$
6FLHQWLILF6HVVLRQ



































3XUSRVH7R FRPSDUH WKH HIIHFWV DQG RXWFRPHRI UDGLRIUHTXHQF\ 5)$ DQG











VKRZHG FRPSOHWH UHVSRQVHZLWK QR UHVLGXDO OHVLRQVDIWHU ERWKSURFHGXUHV$OO


















































































































































































































0HWKRGVDQG0DWHULDOV 6HYHQW\QLQH SDWLHQWVZKR XQGHUZHQW VKRXOGHU05
DUWKURJUDSK\XVLQJ7LPDJHUVDQGVXEVHTXHQWDUWKURVFRS\ZHUHLQFOXGHG,Q
DGGLWLRQWR'VWDQGDUGVHTXHQFHV'9,%(ZDVREWDLQHGWRSURGXFHPXOWLSODQDU







































































































VXSSRUWLQJSODWH IRU WKHFRQWUDODWHUDO ORZHUH[WUHPLW\$ WRWDORI FRQVHFXWLYH
SDWLHQWV PHDQDJH\HDUVZRPHQZHUH LQYHVWLJDWHGDIWHUDUWKURJUDSK\
ZLWKRXWDQGZLWKWUDFWLRQRQD7HVODXQLW



















































































0HWKRGVDQG0DWHULDOV )RUW\ IRXU LQIDQWV XQGHU  \HDUZHUH LQFOXGHG LQ WKH




























YROXQWHHUV VLJQLÀFDQWO\ IROORZHG*DXVVLDQ GLVWULEXWLRQV DQG H[KLELWHG SRVLWLYH
PHDQYDOXHVLQWKHRUGHURIWR3DWLHQWVH[KLELWHGFRQVLVWHQWO\ORZHUDYHU
DJHJDJ&(67VLJQDOVLQ$7FRPSDUHGWR177KHVH
































EDVHGRQ WKH+RXQVÀHOG8QLW YDOXHVPHDVXUHGZLWKLQ FRQWUDVWHQKDQFHGDQG
XQHQKDQFHGUHJLRQVRILQWHUHVW















































































5HVXOWV )RU DOO UHYLHZHG WLPHV RI JHVWDWLRQ WKH RH05)/9 \LHOGHG DOPRVW




















































































3XUSRVH7R HYDOXDWHZKHWKHU':05, LPSURYHV WKH GHWHFWLRQ UDWH RI SHOYLF
O\PSKQRGHPHWDVWDVHVLQDFRKRUWRISDWLHQWVZLWKPXVFOHLQYDVLYHEODGGHUFDQFHU
VHOHFWHGIRUUDGLFDOF\VWHFWRP\




















































































































































































































ZHUH UHIHUUHG IRU 6($OO SDWLHQWV XQGHUZHQW FRQYHQWLRQDO86 DQG6( RQ+,














































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
DSSO\LQJSUHGHÀQHG05PDPPRJUDSK\GHVFULSWRUV2XWRIWKLVGDWDEDVHDOO





05PDPPRJUDSK\ IRU GLIIHUHQWLDOGLDJQRVLV RI ,3 YVPDOLJQDQW EUHDVWOHVLRQV








&RQFOXVLRQ'HWDLOHG DVVHVVPHQW RI05PDPPRJUDSK\DOORZVSUHFLVH FKDU

























PXFLQRXV FDQFHUV  DVZHOO DV ORZJUDGH WXPRXUV * 2YHUDOO
DFFXUDF\UHYHDOHGVHQVLWLYLW\RIFRQÀGHQFHLQWHUYDO&,









































0HWKRGV DQG0DWHULDOV  FKLOGUHQ DQG DGXOWV SUHVHQWLQJZLWK FKURQLF RU
LQWHUPLWWHQW82ZHUHLQFOXGHGLQFHQWUHV'&(058FRQVLVWHGRIDG\QDPLF
FRURQDO7ZHLJKWHG VHTXHQFH UHSHDWHG IRU PLQXWHVDIWHU DGPLQLVWUDWLRQRI
GLXUHWLFVDQG*GFKHODWHPONJ'LXUHWLFUHQDOVFLQWLJUDSK\ZDVSHUIRUPHG

































7KHUHIRUH DFFXUDWHDVVHVVPHQW RI ,3E\05PDPPRJUDSK\ZRXOGSRWHQWLDOO\


























WRGHWHFW9)V$QDPQHVLV DQGGDWDRI SDWLHQWVZHUH FROOHFWHGDVZHOO DV05,























3XUSRVH ,QWUDRSHUDWLYH UDGLRWKHUDS\ ,257 LV LQFUHDVLQJO\ XVHG IRU EUHDVW































































































&RQFOXVLRQ$FFRUGLQJ WR RXU GDWD&$'[EDVHG LQWHUSUHWDWLRQ RI EUHDVW05,
FRUUHODWHVZLWKD[LOODU\WXPRXU ORDG$VWKH ODWWHU LVDPRQJVW WKHPRVWSRZHUIXO
SURJQRVWLF IDFWRUV LQEUHDVWFDQFHUVXFKÀQGLQJVDGGIXUWKHUNQRZOHGJHWR WKH
DSSOLFDWLRQRIEUHDVW05,DVDQRQLQYDVLYHSURJQRVWLFELRPDUNHU
6FLHQWLILF6HVVLRQ









































































































GLDPHWHUZDV PHDQ6'DQG FPRQ UHPRWH LQWUDRSHUD
WLYH86DQGSRVWRSHUDWLYHKLVWRSDWKRORJ\UHVSHFWLYHO\86PHDVXUHPHQWVZHUH
VLJQLÀFDQWO\ VPDOOHU S  7KH  EUHDVW FDUFLQRPD &$ FRQVLVWHG RI
























YROXPHZDV FDOFXODWHGZLWK WKH$:VRIWZDUHDSSOLFDWLRQ7XPRXU YROXPHZDV
FDOFXODWHGZLWKWKHKHOSRI&$'VRIWZDUHDQGWKH$:DSSOLFDWLRQ7XPRXUYROXPH
6FLHQWLILF6HVVLRQ










RQSODLQ UDGLRJUDSK\ LV XS WR (LWKHU&7RU05, FDQEHXVHG IRU IXUWKHU













&RQFOXVLRQ2YHU RI SDWLHQWV UHTXLULQJ DGGLWLRQDO LPDJLQJ IRU VXVSHFWHG




































3XUSRVH7R LGHQWLI\ DQ\05, SUHGLFWRU IRU VXUJLFDO RXWFRPHVRI SDWLHQWVZLWK
GHJHQHUDWLYH OXPEDUVSLQDOVWHQRVLV '/66KDYLQJ LQVWUXPHQWHGSRVWHULRUGH
FRPSUHVVLRQ,3'VXUJHU\
















3XUSRVH&RQHEHDP&7 &%&7 LVD UDSLGO\H[SDQGLQJ LPDJLQJPRGDOLW\ IRU











ZLWK KLVWRPRUSKRPHWULFDO UHIHUHQFH VWDQGDUGZDVSHUIRUPHG ,QGHSHQGHQWO\ D
YLVXDOVHPLTXDQWLWDWLYH&%&7VFRUHZDVDSSOLHGWRDVVHVVERQHGHIHFWKHDOLQJ
5HVXOWV7KHPHDQ H[WHQW RI RVVHRXV FRQVROLGDWLRQ LQ&%&7YROXPHWU\ZDV
UDQJH$VLJQLÀFDQWSRVLWLYHFRUUHODWLRQZDVIRXQGEHWZHHQ
WKHH[WHQWRIRVVHRXVFRQVROLGDWLRQRQ&%&7YROXPHWU\DQGKLVWRORJLFDOO\YLVLEOH





















































957ZDVFRPSDUDEOH WR WKH ´JROGVWDQGDUGµFRQYHQWLRQDOP\HORJUDSK\ ,QRQH

























































































































































































































RQZKROHERG\ LPDJHVDFTXLUHGE\GXDOHQHUJ\[UD\DEVRUSWLRPHWU\ ';$ LQ


































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
JHQHUDWHGZKLFKDOORZGLUHFWPHDVXUHPHQWRISUHDQGSRVWFRQWUDVWGHQVLW\RQD
VLQJOHSKDVHDFTXLVLWLRQ'LDJQRVLVRIDGUHQDODGHQRPDZDVPDGHLI&7GHQVLW\




























VHWWLQJV&$UHODWHG SUHSDUDWLRQ DQGDGPLQLVWUDWLRQ RI WKH FRQWUDVWPHGLXP













































































































































































































































6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
0HWKRGVDQG0DWHULDOV:HSURGXFHGDSK\VLRORJLFDOSKDUPDFRNLQHWLFPRGHO
RI D FRQWUDVWHQKDQFHPHQW VLPXODWLRQRI WKHDRUWDEDVHGRQDFRPSDUWPHQW






































































































PHDVXULQJ WKH VSDWLDO FRQFHQWUDWLRQ RI VXSHUSDUDPDJQHWLFLURQR[LGHSDUWLFOHV
























































































































SDWLHQWV UDQGRPO\XVLQJHLWKHUN9SLWFKDQG LWHUDWLYH UHFRQVWUXFWLRQRU
N9SLWFKDQGÀOWHUHGEDFNSURMHFWLRQ&RQWUDVWWRQRLVHUDWLR&15DQG




5HVXOWV7KH XVH RI  N9DQG LWHUDWLYH UHFRQVWUXFWLRQ VKRZHG VLJQLÀFDQWO\
KLJKHU YHVVHO RSDFLÀFDWLRQDQG UHGXFHG LPDJHQRLVH LQ DOO VHJPHQWV UHVXOWLQJ
LQVLJQLÀFDQWO\KLJKHU&15DQG615YDOXHVDWWKHOHYHORIWKHFDURWLGELIXUFDWLRQ





































ZLWKD.DSSDRI S&RPSDUHG WR WKHJROGVWDQGDUGERWK UHDGHUV
PLVVHGRQHSDWLHQWZLWKPRGHUDWHDWKHURVFOHURVLVEXWFRUUHFWO\LGHQWLÀHGDOOFDVHV






















0HWKRGVDQG0DWHULDOV$ SKDQWRPZDV H[DPLQHG LQ YROXPHWULFPRGHRQ D
GHWHFWRU&7DWGLIIHUHQWWXEHFXUUHQWVIURPWRP$V&7LPDJHVZHUH
























DUWHIDFWVDUH LQFUHDVHGDW WKHHGJHVRI WKHSDUWLDOYROXPHVZKLFKKDYHD ODUJH
GLVWDQFHWRWKHPLGSODQHV























































































































3XUSRVH7RHYDOXDWH WKHHIIHFWRID WHPSRUDO UHVROXWLRQ LPSURYHPHQWPHWKRG
75,0IRUFDUGLDF&7RQGLDJQRVWLFLPDJHTXDOLW\IRUFRURQDU\DUWHU\DVVHVVPHQW






















DOJRULWKPV WKDW SHUIRUPD YR[HOZLVHZHLJKWHGEDFNSURMHFWLRQ WR IDYRXU YR[HOV
VHHQXQGHUVPDOOFRQHDQJOHV
&RQFOXVLRQ7KHSURSRVHGDOJRULWKPLVDEOHWRVLJQLÀFDQWO\LPSURYHWKHUHFRQ





















































ZDV LQIHULRU LQVPDOOYHVVHOV 23(')%3VXEVWDQWLDO2YHUDOOEHVW
FRUUHODWLRQZDVREVHUYHGLQFDOFLÀHGSODTXHV23('ѣ/LQ )%3ѣ/LQ 







6 &$ ' ( ) * +% (XURSHDQ&RQJUHVVRI 5DGLRORJ\
&RPSDUDWLYH UHFRQVWUXFWLRQVZHUH SURGXFHGXVLQJ WKH VWDQGDUG ÀOWHUHG EDFN
SURMHFWLRQ)%3DOJRULWKP











































































































































































0HWKRGVDQG0DWHULDOV KHDOWK\ YROXQWHHUV KHDUW UDWH ESP UDQJH













































































G\QDPLFORZVWDWLF +'/6Q RUKLJKG\QDPLFKLJKVWDWLFVSRUWV +'+6
Q 
5HVXOWV7KH OHIW YHQWULFXODU /9HQGGLDVWROLF YROXPH ('9 POP IRU QRQ
DWKOHWHV/'+6+'/6+'+6 UHVSHFWLYHO\ ZDV  LQPDOHV
DQG  LQ IHPDOHV7KH /9 HQGGLDVWROLFPDVV ('0 JP IRU
QRQDWKOHWHV/'+6+'/6+'+6ZDV IRUPDOHVDQG

















































3XUSRVH7RFRPSDUHSURVSHFWLYHO\ WULJJHUHG)/$6+ 37ZLWK UHWURVSHFWLYHO\
VHOIJDWHG56*DQGDFFHOHUDWHGUHWURVSHFWLYHO\VHOIJDWHG)/$6+DFF56*FLQH
VHTXHQFHVIRUWKHDVVHVVPHQWRIFDUGLDFIXQFWLRQLQPLFHDW7
0HWKRGVDQG0DWHULDOV &%/PLFHZHUH H[DPLQHGRQD 7DQLPDO
VFDQQHU %UXNHU%LR6SHF*HUPDQ\:HDFTXLUHG  FRQVHFXWLYH PPVKRUW
D[LV VOLFHV FRYHULQJ WKH OHIW YHQWULFOH /9 XVLQJ D37 757(  њ 
)29 [ FPPDWUL[ [ IUDPHV 3,  D56* 757( 
њ  )29 [ FPPDWUL[ [ IUDPHV 3,  DQGDQDFF56*





























5HVXOWV2XU VLPSOLÀHG WUDFWRJUDSKLF UHFRQVWUXFWLRQPHWKRG NHHSV WKHPDLQ
JHRPHWULF IHDWXUHVRI ÀEUHVDOORZLQJ IRUDQHDVLHU LGHQWLÀFDWLRQRI WKHLUJOREDO





&RQFOXVLRQ'705,PDNHVSRVVLEOH WKH LGHQWLÀFDWLRQRI D FRQWLQXRXVKHOLFDO





















































$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
0RQGD\






















































































0HWKRGV DQG0DWHULDOV 3DWLHQWV UHFHLYLQJ EUHDVW05, VWDQGDUGLVHG SURWR
FRO7Z)/$6+ PPRONJ%:*G'73$ EHIRUH VXUJHU\ %,5$'6 ,99,





NQHDUHVWQHLJKERXU VXSSRUWYHFWRUPDFKLQHVZHUH RSWLPLVHG WR SUHGLFW WKH
HQGSRLQWEDVHGRQVXFKHQKDQFHPHQWSDUDPHWHUV3UHGLFWLRQVRI WKHHQGSRLQW
ZHUHFRPSDUHGZLWKFRQYHQWLRQDOVWDWLVWLFVORJLVWLFUHJUHVVLRQ7RDXWRPDWLFDOO\





 DOOPDFKLQHOHDUQLQJ DOJRULWKPV VKRZHG KLJKHU GLDJQRVWLF DFFXUDF\
ZLWK VXSSRUWYHFWRUPDFKLQHV DFKLHYLQJ WKH KLJKHVW YDOXH 
0DFKLQHOHDUQLQJVKRZHGSDUWLFXODUO\KLJKVSHFLÀFLW\ DUWLÀFLDOQHXUDOQHWZRUNV

















































GHSDUWPHQWDO ,7JURXSZLWKLQ WKH WLPH OLPLWZLWKKLJKVROXWLRQUDWHV IRU
EUHDNGRZQVRIWKHFOLQLFDOLQIRUPDWLRQV\VWHPVVWDQGDUGKDUG
DQGVRIWZDUHLQFOXGLQJ5,6DQGDFFHSWDEOHVROXWLRQUDWHIRU3$&6







&RQFOXVLRQ$ GHSDUWPHQWDO ,7JURXSSURYLGHV IDVW WURXEOHVKRRWLQJ VROYLQJ D





















































DQGKLJKHU VHFXULW\ UHTXLUHPHQWV FRQFHUQLQJGDWD SURWHFWLRQ ,Q DQ\ FDVH WKH































0HWKRGVDQG0DWHULDOV%DFNJURXQGRI WKHVRIWZDUH LVDJHQHUDO UHTXLUHPHQW
DQDO\VLVIRURQFRORJLFDOSDWLHQWPDQDJHPHQWZRUNÁRZVFRQGXFWHGLQ6WDUW
LQJZLWK DQ LQKRXVHGHYHORSPHQW LGHQWLÀHGGHÀFLWV RI FRPPHUFLDOO\ DYDLODEOH
















$ 6& ' ( ) * +%(XURSHDQ&RQJUHVVRI 5DGLRORJ\
0RQGD\
KDYHEHHQ WUHDWHGDW WKH+HLGHOEHUJ ,RQ7KHUDS\ +,7FHQWUH IURP1RYHPEHU
WR$XJXVW3URWRQVFDUERQLRQVRUDFRPELQDWLRQRIERWKDVZHOODVD
FRPELQDWLRQZLWKSKRWRQVZHUHDSSOLHG7RGDWHVWXGLHVKDYHEHHQLQLWLDWHG
DQGPRUHDUHLQSUHSDUDWLRQ
5HVXOWV,WLVSRVVLEOHWRLPPHGLDWHO\DFFHVVDOOSDWLHQWLQIRUPDWLRQDQGH[FKDQJH
VWRUHSURFHVVDQGYLVXDOLVHWH[WGDWDDQ\',&20LPDJHVDQGPXOWLPHGLDGDWD
$FFHVVLQJWKHV\VWHPDQGVXEPLWWLQJFOLQLFDOGDWDDUHSRVVLEOH IRU LQWHUQDODQG
H[WHUQDOXVHUV6HFXULW\DQGSULYDF\SURWHFWLRQLVHQVXUHGZLWKWKHHQFU\SWHGKWWSV
SURWRFROFOLHQWFHUWLÀFDWHVDQGDQDSSOLFDWLRQJDWHZD\)XUWKHUPRUHDOOGDWDFDQ
EHSVHXGRQ\PLVHG,QWHJUDWHGLQWRWKHKRVSLWDOHQYLURQPHQWGDWDDUHLPSRUWHGYLD
LQWHUIDFHVRYHU+/PHVVDJHVDQG',&206HYHUDOIXUWKHUIHDWXUHVUHSODFHPDQXDO
LQSXWDQGHQVXUHGDWDTXDOLW\DQGHQWLUHW\6WXGLHVFDQEHLQGLYLGXDOO\GHVLJQHG
WRÀWVSHFLÀFQHHGV%\LQFOXGLQJDOOWUHDWHGSDWLHQWVDOVRQRQVWXG\SDWLHQWVZH
JDLQWKHSRVVLELOLW\IRURYHUDOOODUJHVFDOHUHWURVSHFWLYHDQDO\VHV
&RQFOXVLRQ+DYLQJUHFHQWO\EHJXQGRFXPHQWDWLRQRIRXUÀUVWSDWLHQWVLQVL[
FOLQLFDOVWXGLHVLWKDVEHFRPHDSSDUHQWWKDWWKHEHQHÀWVOLHLQWKHVLPSOLÀFDWLRQRI
UHVHDUFKZRUNEHWWHUVWXG\DQDO\VHVTXDOLW\DQGXOWLPDWHO\WKHLPSURYHPHQWRI
WUHDWPHQWFRQFHSWVE\HYDOXDWLQJWKHHIIHFWLYHQHVVRISDUWLFOHWKHUDS\

